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Abstract 

Atlas Copco SED, Yokohama develops and assembles surface drill rigs. Products are 

customized to suit customer need, which demands a make-to-order production with high 

flexibility. With changing customer demands, difficulties are experienced with estimating 

accurate future material and production capacity need. Periodical peaks and valleys in 

production occur with frequent changes to the production schedule and sometimes there is 

excessive inventory. There is a wish from management to decrease lead times and improve 

the system as a whole to better handle the difficulties. In this project, the company’s 

internal product value stream was investigated by following a product all the way from 

customer order to delivery and investigating supporting functions. The purpose was to 

develop improvement suggestions which if  implemented could lead to shorter production 

lead time, increased efficiency (direct work time in relation to total required time) and 

potential inventory reduction. If  this could be achieved, the circumstances to handle 

frequent changes would improve, as well as the company’s future competitiveness. The lean 

method of  Value Stream Mapping (VSM) was used, since this provides an overview of  the 

entire factory, rather than having process-specific focus, and offers a systematic way of  

finding the sources of  problems and solving them.  

 

The results showed that problems are largely due to external factors; especially concerning 

customer demand forecast accuracy, and oversea suppliers sometimes having long lead 

times for material. However, production processes being cycled faster than takt and 

specialization in skills were two more factors, and others were found as well. Suggestions 

were made in the form of  two future states, A and B, where one focuses on a more short-

term perspective, and one on a slightly more long-term which requires more training and 

redistribution of  assembly tasks. Both suggestions have potential to help work against the 

problems discovered. Suggestion A allows production to be run with a single scheduled 

pacemaker process and FIFO (First-In-First-Out) systems, while suggestion B involves the 

development of  a continuous flow in the main line working according to takt. Future state 

A could decrease lead time up to 42% and reach an efficiency of  45%. Future state B could 

decrease lead time by 45%. In addition, future state B requires 3 less assemblers who can 

be assigned as team leaders and work for other support functions needed, and can reach an 

efficiency of  70%. Strategic suggestions were made for supply management and handling 

the forecast, which if  implemented have the potential to decrease the risks of  getting 

excessive inventory. 



 

 

 

Sammanfattning 

Atlas Copco SED, Yokohama utvecklar och monterar ytborriggar. Produkterna är 

skräddarsydda för att passa olika kundbehov, vilket kräver tillverkning mot order med hög 

flexibilitet. Med skiftande kundbehov upplevs svårigheter med att uppskatta korrekt 

framtida material- och kapacitetsbehov. Berg och dalar i arbetsbörda inträffar i 

produktionen då det sker frekventa ändringar i produktionsplaneringen och ibland är 

lagernivåerna onödigt höga. Det fanns en önskan från ledningen att minska ledtider och 

förbättra systemet som helhet för att bättre kunna hantera svårigheterna. I detta projekt 

undersöks företagets interna värdeflöde genom att följa en produkt från kundorder till 

leverans och genom att undersöka stödjande funktioner. Syftet var att utveckla 

förbättringsförslag som om implementerades kunde leda till kortare total ledtid i 

produktionen, ökad effektivitet (direktarbete i relation till total tidsåtgång) och potentiellt 

minskning av lager. Om detta kunde uppnås, skulle omständigheterna för att hantera 

frekventa förändringar förbättras, och även företagets framtida konkurrenskraft. Metoden 

Värdeflödesanalys (VSM) användes, eftersom att den ger en överblick av hela fabriken, 

istället för att ha processpecifikt fokus och den erbjuder en systematisk metod att hitta 

källorna till problem och att åtgärda dessa.  

 

Resultaten visade att problemen till stor del beror på externa faktorer, speciellt med 

avseende på exaktheten av kundbehovsprognos och att leverantörer utomlands ibland har 

långa ledtider för material. Dock så var två andra faktorer även specialisering i färdigheter 

och det att produktionsprocesserna går snabbare än takt. Andra orsaker upptäcktes också. 

Förslag togs fram i form av två framtida värdeflödeskartor, A och B, där den förstnämnda 

har mer kortsiktigt fokus och den andra lite mer långsiktigt, vilket kräver mer utbildning 

och omfördelning av monteringsuppgifter. Båda förslagen har potential att underlätta 

arbetet mot de problem som fastslogs. Förslag A tillåter produktionen att styras genom 

schemaläggning av en pacemaker-process och FIFU (Först-In-Först-Ut) system, medan 

förslag B involverar utvecklandet av ett kontinuerligt flöde genom huvudlinan som går 

enligt takt. Förslag A kan minska ledtiden upp till 42 % och nå en effektivitet på 45 %. 

Förslag B kan minska ledtiden med 45 %. Det kräver även 3 mindre montörer som kan ges 

uppgifter som teamledare och andra stödfunktioner som kommer behövas, och det kan 

uppnå en effektivitet på 70 %. Strategiska förslag utvecklades även för leveranshantering 

och hantering av kundorderprognos, som om implementeras har potential att minska risken 

för onödigt höga lagernivåer.   
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“Flow is the key to achieving best quality at the lowest cost  

with high safety and morale” 

Jeffrey K. Liker (2009) 
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Abbreviations and Definitions 

 

AC Atlas Copco 

Action plan A list of all actions needed to achieve the future state in estimated order 

of implementation. 

BPCS Business Planning and Control System (Pronounced “beepix”) 

CC Customer Center 

Continuous Flow Processes being connected without stagnation 

Current State Current value stream (see below) 

DC Distribution Center 

E-BOM Engineering Bill of Materials 

Efficiency(VAT %) Value-adding time of total lead time. Time spent on work which does not 

produce value for the customer decreases the efficiency and is known as 

waste. An ideal (but also practically unattainable) state with 100% 

efficiency would therefore be 100% value-adding.  

ERP Enterprise Resource Planning 

Future State Describes how the improved value stream would be 

Lead Time Includes assembly time, inventory, waiting, etc. - the total time necessary 

for the product to go through a process or a collection of processes.  

LCC “Low Cost Country” 

MO Manufacturing Order 

P-BOM Production Bill of Materials 

PC Production Company 

Power Pack/Unit Engine, hydraulic pump drive and air compressor 

Product family A family of products which go through roughly the same processes and 

logically can be grouped together into the same value stream map. 

SED Surface- and Exploration Drilling 

SRP Sales and Requirement Planning 

Value Stream A value stream is the production flow from raw material into the arms of 

the customer including all actions, information- and material flows. 

(Rother & Shook, 2009, p.19) 

VSM Value Stream Mapping 

WIP Work In Progress 
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 1  Introduction 

With around 80 employees Atlas Copco SED (Surface and Exploration Drilling) in 

Yokohama manufactures and distributes surface drill rigs, as well as distributes and holds 

stock of  spare parts and offer product related services to customers. The original group 

company has its base in Stockholm, Sweden and is a global business reaching over 180 

countries. The drill rigs are not only large investments for customers but also quite large 

machines, weighing around 12 tons with standard components. The factory experiences 

difficulties in handling changes in customer demand and rig specifications. The changes 

cause frequent updates of  the production schedule, affects inventory levels, demands high 

flexibility and short lead times. There is a wish from management to decrease lead times 

and improve the system as a whole to better handle the difficulties. Recently competition is 

getting higher and the market is growing, which puts pressure on any company in this 

business to raise their competitiveness. The Atlas Copco Group is continuously working 

with implementing lean methods throughout its companies for future sustainability. 

 

Competitiveness gets stronger and more players fight over the same customers in a now 

highly globalized world as described in the educational book on lean by Petersson et al 

(2009). Implementing a lean philosophy has been the answer for many in the 

manufacturing industry, due to it generally being associated with cost decreases, inventory 

reduction, increase in productivity and flexibility, employee satisfaction and quality. The 

lean philosophy offers an approach for how to conduct business based on common sense; 

to drive out waste in the form of  non-value adding activities, such as inventory waiting and 

transportation, and means striving for perfection through continuous improvement. Some 

results from a lean transition are presented in The Toyota Way by Liker (2009). For example, 

a terminal for the Canada Post Corporation achieved a 28% decrease in transportation 

time, 37% decrease in lead times and 27% decrease of  inventory when advancing in their 

lean development (p.321). The Delphi division within General Motors experienced 

productivity improvements every year and went from losing money to achieving a profit of  

2 million dollars per month (p.362). According to the article by Esfandyari et al. (2011), 

General Electric achieved an improvement of  on-time delivery to 100%, and in aerospace 

Lockheed Martin obtained 60-80% reduction in cycle times and a 50% reduction in floor 
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space after incorporating a lean philosophy to their production. The basic lean theory and 

reported results support an initiative to embark on the lean journey for many companies 

which wish to keep up with the increasing competitiveness. An essential tool for 

improvement initiatives with a lean philosophy is the Value Stream Mapping (VSM). As 

quoted by Liker (2009, p.52)1: 

 

“The first thing one has to do when addressing a process from a Lean perspective is to map the value flow 

and follow the material’s (or document’s, or information’s) swivelling way through the process.”  

 

Described carefully in the book Learning to See by Rother & Shook (2009), The VSM 

method allows a comprehensive overview of  the entire production process from customer 

order to delivery, including both the flow of  information and material; enabling a 

visualization of  problem sources. From this overview, a future state can be developed by 

applying lean principles to improve the current value stream. In this project, VSM will be 

applied to the Yokohama factory’s product value stream to describe the current state with 

its problems, and develop improvement suggestions based on lean principles. 

 

                                                 

1 Quotes from The Toyota Way are translated from the Swedish version and might therefore be slightly 

different from the original. 



3 

 1.1   Problem Description 

Products are customized to suit different customer needs, which demand a make-to-order 

production with high flexibility and careful planning. With changing demands on products, 

there are difficulties with estimating future component and production capacity need, 

resulting in varying work load, increased inventory and frequent changes in the production 

schedule. Factory management requests overall improvement suggestions of  internal 

product value stream which could lead to shorter production lead time, higher efficiency 

and suggestions to aid with these difficulties and increase competitiveness. 

 

 1.2  Aim and Objectives 

The aim is to develop lean improvement suggestions for the internal product value stream 

which if  implemented could lead to shorter production lead time, increased efficiency and 

a greater basis to handle frequent production plan changes. To reach this aim, these main 

objectives must be fulfilled:  

1 Identify the processes comprising the value stream which transform the product into 

what the customer pays for. 

2 Identify potential waste and its sources in the value stream. 

3 Develop improvement suggestions which address all sources of  waste found in the 

value stream. The suggestions shall as a whole: 

3.1 Have potential to create a more continuous flow (less halts) 

3.2 Have potential to decrease lead time  

3.3 Have potential to decrease inventory levels 

3.4 Have potential to aid handling of  frequent changes to production planning 

4 Develop an action plan with advice for implementation based on the improvement 

suggestions which can serve as an aid in changing the value stream. 
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 1.3  Delimitations 

This project will only examine the door-to-door process of  the factory as illustrated in 

Figure 1. This means that the value stream concerning the part from raw material to 

supplier and after delivery to customer will not be addressed. 

 

 

 

 

To make the value stream comprehensible, only one product or product family will be 

addressed. Delimitations exist in defining the future state map and to what extent it may be 

different from the current. A problem cannot be stopped from reoccurring unless it is 

approached at its source, and it will not be possible to develop an action plan including 

improvements which will eliminate all sources of  waste (it is in practice impossible since 

some sources cannot be affected), but the important point is to improve the flow as a 

whole by attempts to affect all sources in at least one way. The parts to address will be 

revealed by exploration of  the chosen value stream and the determined sources of  waste. 

There is also the fact that even though the Atlas Copco group works in a decentralized 

fashion, all operating units, such as the factory in Yokohama, belong to a division. For 

example some larger, organizational or operational changing decisions cannot be made by 

the factory itself  without approval, which will limit the possibilities of  the future state. 

Furthermore, there will be limitations in how far into the future the future state can aim for 

and focus will be put on what can be done on a relatively short-term basis. The first 

iteration of  a future state map should accept product design, process technologies and 

plant locations as given since they cannot be changed immediately, even if  they might be 

underlying sources of  waste (Rother & Shook 2009). Suggestions of  long-term 

improvements should be included in chapter 0  

Whole Product Value Stream 

Supplier Atlas Copco Factory Customer 

Figure 1: Looking at the door-to-door process (Rother & Shook 2009) 
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Discussion, so that the entire system of  lean principles is taken into account for the factory, 

and not only on short-term, since the success of  lean highly depends on continuous 

improvement efforts (Liker 2009).  

 

 2  Methodology 

By using lean principles to analyze the organization and processes comprising the value 

stream, improvement suggestions can be made. The VSM method will be used as a 

guideline and described as it is being used step by step through the process in chapter 0. 

Drastic results have been reported after the use of  VSM in multiple papers and articles, a 

few of  which are summarized in the report Application of  value stream mapping using simulation 

to decrease production lead time: a Malaysian manufacturing case by Esfandyari et al. (2011). For a 

diesel traction-manufacturing firm in India, production was reduced from 53,3 days to 4,1. 

At a plastic components manufacturer for the automotive industry a 4 day reduction in lead 

time was reported (Esfandyari et al 2011, p.233). The authors reporting about these results 

themselves decreased the lead time for a metal-based fabrication industry by 47% with the 

use of  VSM. In the master thesis report “Value Stream Mapping of  Atlas Copco CTO India” by 

Kumar & Yoseph (2012), a 68,3% lead time reduction suggestion is developed for an Atlas 

Copco Production Company (PC) in the Construction Tools & Organization division. The 

two example (fictional) companies in the Rother & Shook (2009) book gives a reduction in 

lead times from 23.6 to 5 days at Acme Stamping and from 48 to 11 days at TWI Industries 

by using the VSM technique in theory. In addition, inventory turns for the first example 

were increased by nearly 500% by implementing continuous flow, pull and production 

leveling.  

 

Not only assembly flow, but customer ordering process and supply of  material must be 

investigated, connecting the start and end of  the product’s way through the factory. 

Delivery frequency of  material and information, flow routes, real capacity, turns in 

customer demand, batch sizes, control and planning all need to be taken into consideration 

to describe the current situation and develop an improvement plan.  
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Part of  determining the method also includes deciding how to approach the problem to 

achieve sufficient reliability, validity and choose quantitative and/or qualitative approaches. 

It is important to ensure the usefulness of  the study and minimize biases. A quote from the 

authors Jha, N.K. of  “Research Methodology” summarizes it logically: 

 

”Research outcomes are of  no value if  the methods from which they are derived have no legitimacy” 

Jha, N.K (2008, p.101) 

In this chapter the methods suitable to conduct the project through VSM is concluded.  

 

 2.1  Validity and Reliability 

Even if  a measurement or method is reliable, it may still not be valid (Rajasekar 2013). Any 

data given related to the production should be investigated for reliability, and the validity of  

processing times should be confirmed by clocking and counting important processes 

personally while also double-checking with factory personnel. Reliability of  this study can 

be discussed in terms of  whether or not the same result would be produced again if  

another person did the same project with given methods.  

  

 2.2  Quantitative and Qualitative Approach 

With the given problem, a combination of  methods is necessary (Rajasekar 2013; Jha, N.K. 

2008). Without a quantitative approach to investigate the current product flow at the 

factory involving lead times, inventory, delivery frequency and real capacity, the results 

could have low validity. Without a combination with qualitative information however, the 

results might only be valid with certain conditions or maybe not at all if  the acquired data 

was not valid. In practice, the qualitative method means to discuss with responsible people 

from the department concerned. Qualitative information can be used to support the results 

based on the quantitative approach, in the form of  personal confirmation from own 

observations and experienced factory staff  that the data is valid. When it comes to 

investigating production control and the strategies behind this, a qualitative approach will 

give a better basis to determine the how’s and why’s of  production. Problems may exist if  

there is a lack of  data or lack of  possibility to gather data, in which case the investigation 

again should be supported by qualitative information. It is naturally assumed that 
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experienced employees at the factory will be able to provide supportive information related 

to their function concerning the product they are producing.  

 

 2.3  Causality 

Causality must be supported to make sure the correct sources of  waste in the value stream 

are determined. According to Jha, N.K (2008), three supporting factors should be set to 

support the causality concluded. These are: evidence of  association, appropriate timing and lack of  

alternative explanations. To achieve evidence of  association, at least two events or entities must be 

associated in a manner which shows how the cause and effect occur or vary together. To 

support this, appropriate timing is also important. This simply means that the cause must 

occur before or simultaneously to the effect. A lack of  alternative explanations is also 

important, investigation of  the possibility that the effect may have another cause. 

 

 2.4  Information Gathering 

Different sources of  information will be used to support the study. Depending on the 

information characteristics, it should be treated differently. The internal resources for this 

project are with the supporting supervisors and teachers at KTH, supervisor and 

employees at the factory, as well as any data or information related to the factory. The 

external resources relate to the literature study made.  

 2.4.1  The Theoretical Framework 

Considering it being a current focus for Atlas Copco, the vast amount of  literature on lean 

philosophy and the positive effects presented, it was deemed suitable for this project. 

Although there exists criticism against lean, most presented results points towards lean 

being a successful concept. By reviewing and taking the criticism into consideration and 

also complementing this with other theory related to the value stream production control 

process, a suitable theoretical framework will be created. The other theory refers to papers 

on handling customer demand and supply management which may contain valuable advice. 

The book Learning to See by Rother & Shook (2009) will be used as a basis for VSM. The 

authors possess vast knowledge and experience with the Toyota Motor Corporation and 

working with manufacturers to introduce lean production, knowledge which is valuable to 
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the aim of  this project. Complementary literature will consist of  The Toyota Way by Liker 

(2009) and various research papers. Liker is famous for this book; a professor at the 

University of  Michigan and one of  the founders of  Japan Technology Management 

Program and Lean Product Development Certificate Program. 20 years of  experience from 

interviews with Toyota in Japan and in the USA forms the basis of  research behind this 

book which makes it very relevant to lean thinking. 

 2.4.2  Interviews 

Interviews will be made continuously throughout the project during the 3.5 months of  the 

project conducted at the factory site. Discussions are only made to gather empirical 

information and to validate the final result, so interviews will not be structured but occur 

when needed for the progress of  the VSM. The current state map will be made step by 

step whilst asking questions about its different components and following the production. 

According to the VSM method, one person should be responsible for drawing the maps so 

that it will be comprehensive, even if  several people are involved in bringing the 

information necessary (Rother & Shook 2009), so both current and future state will be 

drawn by the author and confirmed with employees. The feasibility of  the future state ideas 

will be discussed with responsible persons before concluding the final action plan. 
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 3  The Lean Philosophy 

One of  the first, most famous presentations of  lean was made by MIT Toyota researchers 

Womack et al. in “The Machine that Changed the World” in 1990, although the concept 

has existed for longer. Lean is a way of  thinking, or a strategy for how to run operations. It 

therefore includes company culture, foundational principles, core values, management, etc. 

Lean cannot be implemented; it is more about getting closer to a vision of  perfection. In 

practice this is of  course impossible, but it enforces a strong culture of  continuous 

improvement. Lean offers great advantages through increased productivity and 

effectiveness (Liker 2009).  

 

 3.1  History of Lean 

In the book by Petersson et al (2009) about lean, the history of  lean is briefly explained. 

The book is based on many years of  research and practical application of  lean principles. 

The concept known as lean today has become increasingly popular due to its reported 

positive effects. However, the thoughts behind it originate from the early 20th century and 

are not new. It started with Henry Ford developing a production line (Figure 2). Several 

conditions in the way Ford was working later came to be the foundations of  lean 

production. To simplify the teaching of  new employees he decided to standardize methods, 

and focus highly on quality so that everything was correct from start. Other hallmarks of  

Ford’s production were the possibility to exchange parts, workload leveling, thriftiness, 

short lead times and careful quality control.  

 

 
Figure 2: Ford's continous flow production (Image source: Autoweek 2007) 
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With increase in competitiveness of  other businesses, Ford decided to change the way of  

production resulting in a mass production factory named the Rouge in 1928. General 

Motors were able to offer their customers more than Ford and so they were trying to adapt. 

As a beginning the concept seemed successful, but eventually induced large buffers with 

the production getting more and more complicated, resulting in greatly increased costs.  

By the end of  the 19th century, Sakichi Toyoda started Japan’s first weaving factory (See 

Figure 3). In the 1930’s Sakichi Toyoda’s son Kiichiro started a division that would produce 

cars, and in 1937 Toyota Motor Company was founded. Kiichiro visited many car 

manufacturers in the US and Europe and learnt a lot about mass production. However, the 

industry in Japan worked under much different conditions and he realized production must 

be adapted. People were poor and Toyota needed to be able to produce different car 

models and trucks with short lead times. He needed to produce the right cars when they 

were needed and deliver them at the right time.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
In Japan after world war 2, the demands of  being flexible and effective only grew higher 

with a much worsened national economy followed by low salaries. All this work led to 

factory manager Taiichi Ohno forming TPS by the end of  the 1940’s. In 1963 these ideas 

spread to Toyota’s suppliers as well. The oil crisis in 1970 hit hard on industries all over the 

world. But for some reason Toyota managed well. This became known around Japan and 

the knowledge of  TPS spread. Through a research program at the Massachusetts Institute 

of  Technology (MIT) in USA of  car manufacturers, a very famous book was published 

named “The Machine that changed the World”, where the concept of  Lean Production was 

established, referring to the enabling of  using resources in a very effective manner. What 

End of 
1800's 
Toyoda 

Weaving 

1896 
Japan'
s first 

engine 
driven 
loom 

1918 
Toyoda 

Spinning 
& 

Weaving 

1924 
Automatic 

Jidouka 
loom 

1935 
Sakichi's 

son Kiichiro 
car 

prototype 

1937 
Toyota 
Motor 

Company 

end of 
1940 
TPS 

1963 TPS 
spread 

to 
suppliers 

1990 The 
Machine 

that 
Changed 

the World 

Figure 3: Early History timeline of  Toyota 
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today is known as lean has proven to be superior to mass production with advantages of  

competitiveness, effective use of  resources and continuous reduction of  wasteful activities 

(Petersson et al 2009). According to Liker (2009), Toyota has been consistently strong on 

the stock market even when other big players in the car industry have not, their revenues 

compared to total assets have remained very high compared to the average of  the industry 

(in 2003, it was 8 times higher) and the quality of  the cars have been kept through the years. 

They develop products faster than any other company and are considered best in the 

business by their competitors all over the world when it comes to productivity, quality, 

flexibility and manufacturing speed (p.20-23). 

 

 3.2  Why Lean? 

Demands are increasing in a globalized world where competitiveness gets stronger and 

more and more players may fight over the same customers. This puts customer demand a 

central issue for businesses of  today (Petersson et al 2009). Customer demand has in some 

business areas become so important that the customer is the one dictating all the 

conditions while the supplier simply must deliver, instead of  finding common conditions 

profitable for both parties. This often results in lowered results of  the supplier and insecure 

deliveries for the customer. Creating value for the customer lies in the absolute essence of  

lean. Out of  the parameters which may affect the company’s competitiveness, a successful 

work with lean positively affects: 

+ Cost 

+ Flexibility 

+ Quality 

+ Delivery time 

+ Delivery dependability 

 

Lean is said to subsequently also have other effects which are more related to strengthening 

employee motivation and satisfaction: 

+ Increased competence 

+ Decrease in stress 
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+ Better cooperation 

+ Better understanding of  the whole  

+ Safer employment 

+ Safer working environment 

+ Improved communication with customer 

 

 3.3  How to Achieve a Lean Organization 

On the question of  if  lean is implementable in certain companies Liker writes: 

 

“During my courses in Lean production I have often heard “But TPS cannot be practiced in my company, 

right?” We don’t produce a large amount of  cars; we make small amounts of  customized products. /…/ 

judging their way of  thinking, they have missed the point. Lean is not about imitating the tools Toyota 

uses in a certain manufacturing process. Lean is about developing the principles which are suitable for your 

specific organization and to use them diligently to achieve high productivity which continuously adds value 

to the customer and society. This of  course means that the company will become competitive and profitable.” 

Liker (2009, p.66) 

 

The ultimate key to success is for the company to realize that lean is an approach where a 

lot of  hard work and time is involved, and not a quick fix. It has to be in a state where all 

elements work together as a whole; management, flows, processes, employees, methods etc. 

Stakeholders are also considered as a whole, where customers, shareholders, employees and 

society each has their part and importance (Figure 4). 

 

 

 

 

 

 

 

 

Company 

Customer 

Employees 

Share-
holders 

Society 

Figure 4: All stakeholders’ interests are considered in Lean Production 
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The most basic and by far difficult challenge for companies who wish to learn from Toyota 

lies within the question of  how to create a linear organization by individuals who possesses 

the organization’s DNA and constantly learn together to increase value for the customer. 

Maintaining and constantly improving the system is the key. The management goal should 

be to build a company which lasts long-term and that generates value for customers and 

society (Liker 2009).  

 

Increased productivity is important to satisfy owner and customer conditions. A threat 

which today follows low productivity is that operations are transferred to what is known as 

a Low Cost Country (LCC). Usually the transfer is motivated by the belief  that lower 

production costs will lead to increased profit and competitiveness. Unfortunately, these 

profits are usually incomparable to losses in the form of  longer lead times, increased 

restricted equity, increased transportation costs, quality costs, warranty costs, decrease in 

control, etc. According to what Petersson et al. (2009) writes in their book about lean, 

James P. Womack, the author of  “The Machine that Changed the World” listed in a 

newsletter in 2003 what to consider before moving operations to a LCC: 

 Component cost at current place 

 Compare with component cost at suggested place 

 Add costs for time consuming transportation to customer 

 Consider what will happen to overhead costs, usually these do not disappear but are 

spread over other products which costs will increase 

 Increased stock costs due to longer transports 

 Increased costs for safety stock  

 Costs for expensive, fast transports 

 Costs for warranty issues if  the new supplier has a long learning curve 

 Costs to send technical experts to start the processes 

 Costs for senior management to start operations or to work with new suppliers who 

work in other company climates 

 Costs for material shortages or non-sold goods due to long supply chain lead times  

 Costs for abundant material ordered to long lead times which had to be scrapped  

 Potential cost of  the new supplier becoming a competitor (not always applicable) 
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 Risks with changes in currency rate 

 Political risks, such as political instability and political reactions 

 Communication costs of  different kinds to handle information in complex supply 

chains over great distances in countries with different business climate 

Last but not least, one must look at the potential of  the existing business. Normally it is the 

highest productivity which will lead to competitiveness and long-term profitability. If  

higher productivity can be accomplished, the move to LCC might never be made. 

 

 3.4  Value and Waste 

Value and waste are two central concepts of  lean, where focus is to always drive out waste 

and create value for the customer. The first type of  waste is known as muda, and refers to 

non-value-adding activities. 8 different types of  muda can be concluded as (Rother & 

Shook 2009; Karen Martin 20122): 

1. Overproduction 

2. Waiting 

3. Unnecessary transportation of  material or data 

4. Unnecessary or wrongful processing 

5. Unnecessary large inventories 

6. Unnecessary movement 

7. Wrongful products 

8. Underutilized creativity of  employees 

 

Focusing only on waste is a common mistake and opens up for wrongly developed 

strategies which aim at eliminating the direct waste, while sometimes not actually aiming at 

its source. Only once the root causes have been found, original solutions may be found 

which will last. Direct waste can be regarded for example as excess inventory with money 

tied up, reworking assembly processes, not producing demanded product, shortage of  

components, increased lead time and unnecessary equipment (Rother & Shook 2009). 

                                                 

2 Webinar - Value Stream Mapping: How to Visualize Work & Align Leadership for Organizational 

Transformation 
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Overproduction, when products are produced in excessive amount or faster or sooner than 

needed, was considered the most wasteful of  all by Ohno (founder of  TPS), since it 

induces most of  the other types of  waste. A mass-production sense explains that the more 

and faster you produce, the cheaper it is per piece. However, this type of  thinking focuses 

on direct-cost-per-item and ignores other costs that actually are indirectly associated with 

overproduction. In TPS, the first question asked is “What does the customer want from the 

process?” which relates both to the final customer, and the next (customer) process. The 

answer to this question defines value and creates an understanding for waste (Liker 2009).  

 

An example of  what value-adding (VA) and non-value-adding (NVA) could be in a fictional 

manufacturing process is illustrated in Figure 5. Value is basically what is needed to transform 

the product into what the customer wants. 

 

 

Some authors argue that a third category may be taken into consideration; non-value 

adding necessary activities (Karen Martin 20123). These could include for example quality 

control or reaching for a tool. However, in The Toyota Way there are only two categories 

because the border will otherwise be blurred out. If  something is classified as necessary, 

anything could be deemed necessary with the right circumstances chosen (e.g. it is 

necessary with transportation because the component is far away). Therefore choosing the 

two classifications is a more lean approach.  

 

                                                 

3 Webinar: Value Stream Analysis: Beyond the Mechanics - Part 1 (Planning) 

Figure 5: Manufacturing process with value-adding time in color and time considered waste in white 
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However, it is important with an understanding that the value-adding time will always be 

low in total, since some waiting time, worker movement, transportation, quality inspections 

and some problems appearing are unavoidable and/or necessary even if  an effort is made to 

reduce these. The point is not to eliminate any kind of  waste until it is zero, but to keep 

reducing it to enforce continuous improvement.  

 

Besides muda, there are two other types of  waste. Muri is on the other side of  the muda 

spectrum, meaning that it is a waste to overload workers and machinery. Muri drives 

machine or human beyond natural limits and causes safety and quality problems. Mura 

refers to the production capacity not adapting to fluctuations in demand, and means 

unevenness. Both muda and muri may be effects of  mura (Liker 2009).  

 

 3.5  Lean Principles and Way of Thinking 

Lean is about producing value for the customer and to tirelessly eliminate waste. The main 

methods of  accomplishing this are to visualize deviations in operations and find ways to 

solve them. The principles of  lean are important to make this happen, and they should be 

well anchored in company values. The values can be said to represent the company culture, 

the purpose of  its existence. The principles built on these should represent strategies to 

fulfil them. The principles are usually shaped as a house to communicate, because TPS has 

this form. The bottom shows the needed stability and the roof  the goal, supported by the 

pillars. In the bottom lie the Toyota philosophy and its principles.  
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This is an illustration of  the TPS temple drawn by Liker (2009): 
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Figure 6: Illustration of  the TPS house from Jeffrey Liker's book (2009, p.55) 
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The principles of  the Toyota Way are summarized in 14 parts by the same author.   

1. Base your management decisions on long-term thinking, even if it 

jeopardizes short-term financial goals. 

This is about avoiding decisions which would make the company appear good right now, 

but on the long term have a negative effect. It is about thinking long-term and having a 

goal different from just earning money, something greater and more important for the 

company. Ultimately, this is what leads to long-term profit and sustainability. 

 

2. Develop continuous process flows which allows problems to surface 

With a continuous flow, problems will affect the next process and the entire flow. This puts 

higher pressure on quality and improvements, than in a system where processes work 

independently from each other. A continuous flow clarifies the company’s value streams 

and is the basis for continuous improvements (Liker 2009). A pure continuous flow might 

sometimes however not be desirable, since it merges lead times and downtimes. This can 

be helped by beginning with a combination of  continuous flow processes and some pull 

systems. Once the process reliability has been improved, the continuous flow may be 

increased progressively (Rother & Shook 2009). 

 

3. Let demand control to avoid overproduction 

Only produce what you need, as much as you need, when you need it to avoid overproduction 

and redundant inventory costs (Just-In-Time, JIT). A push-system where production is made 

according to forecast or other guessing methods induces stock level increasing, increase in 

quality issues, longer lead times and waste in many forms of  a company’s value streams.  

 

Takt 

The takt time is a reference number, giving a sense of  the rate at which a process should be 

producing, namely: Available time per day/Customer demand per day. The takt time is decided by 

actual customer demand and cannot be changed by the company. Producing according to 

takt time is logically a beneficial way to avoid overproduction. However, if  occurring 

problems cannot be solved within takt time, the organization is not ready to operate at takt 

time yet (Rother & Shook 2009, p.87). For this to work, close-to-the-operation support is 

necessary. This means that for direct operations, all “indirect” operations are considered 
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support. The support includes for example supervision, production control, material 

handling, team leaders, maintenance, and problem response group. This supporting 

organization must be tied to respond in the production time frame. 

 

To work according to takt, work elements of  production should be distributed so that each 

process work is just below takt time (See Figure 7). This way, the capacity need will be 

evened out over time, as well as the needed supply of  material. Tasks should not be divided 

by function preferably, but by assembly order to achieve a continuous flow (Rother & 

Shook 2009).  

 

 

Lean Tools for Pulling Systems 

Pull systems are preferable where a continuous flow is not yet applicable. Instead of  

scheduling the upstream process, let the downstream process pull what it needs, when it 

needs it. In supermarkets (Figure 8), a small, determined set of  components are constantly 

available for withdrawal, since whenever one component is withdrawn, it is replenished by 

the supplying process with the help of  kanban. Kanban is a tool (signal card) for controlling 

the flow and production of  material, and it tells what is needed when it is needed. 

Supermarkets are useful where there are few component variants (used often) and where it 

will reduce lead time. It is less useful for expensive components used rarely, or components 

with many variants.  
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Figure 7: Working according to takt example 
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In cases of  custom made or costly components, it might not be fitting with a supermarket. 

Here, a FIFO (first in, first out) lane may be used between processes. The FIFO lane has a 

limited space for products, where the supplying process will stop producing if  it gets full 

(Figure 9). When the first one is withdrawn, it will fill up with the next product. If  it’s 

based on batch production, it would instead be triggered every batch, but the aim should 

be to produce one at a time, for a more continuous flow. In this kind of  system, it is better 

if  the upstream process is slightly slower than the downstream process (especially in the 

beginning), to eliminate waiting time. The best way might seem to be to put the FIFO lane 

as close to the main line as possible, but it is important that the supplying process can see it 

clearly and get a visual sense of  customer usage, so this should be prioritized (Rother & 

Shook 2009). 

Supplying 

process 

 

 

Customer 

process 
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Product Product 

Figure 8: The customer process withdraws what it needs from the supermarket when it needs it. The 

supplying process produces to replenish what was withdrawn. 

Figure 9: FIFO Illustration from Learning to See (Rother & Shook 2009) 
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4. Level-out the production (heijunka). (Work like the turtle, not the 

hare). 

Problems which may occur when grouping together the same types of  products at once 

and not leveling, include difficulties in adapting to the customer wanting something 

different then what is being produced, higher level of  finished goods inventory, longer lead 

time, uneven workload and capacity demand, as well as large stocks of  raw material and an 

uneven demand on suppliers. Instead of  burdening employees and machinery periodically 

heavily and periodically lightly, with heijunka the workload is spread out. This includes both 

product variants and volume. Production leveling is absolutely necessary to achieve a 

continuous flow and high quality (it is in the base of  the TPS house), but there are not 

many companies where demand is constant and predictable, and so it is usually not 

possible to achieve a completely leveled production. However, any step which can be taken 

towards production leveling is positive and should be taken (Petersson et al 2009). The 

demand of  components from upstream processes as well as from suppliers will also be 

more even over time (Liker 2009). The more the production mix is levelled, the more 

possible it is to respond to different customer requirements with a short lead time while 

keeping finished goods inventory levels low (Rother & Shook 2009).  

 

Production Leveling at Toyota 

Liker (2009) quotes the VD Fujio Cho of  the Toyota Motor Corporation (p.145) where he 

explains that pull systems and continuous flow can never be implemented without 

production levelling. With uneven production, there is no way of  standardizing work and 

implementing other systems. Levelling for Toyota means that production is not always to 

customer order. Better quality and service can be achieved if  levelling is planned, where 

orders are collected in a pile and then evened out over time. This also means a certain 

number of  finished products need to be accepted. See Figure 10 on the next page for a 

simple illustration of  the effect of  heijunka. 

 

At Toyota, production levelling includes various departments outside of  manufacturing, 

according to the paper from the Journal of  Manufacturing Technology by Marksberry, 

Badurdeen & Maginnis (2010). A common problem is said to be that it is believed possible 

to solve it only within manufacturing, but when demand fluctuations affect manufacturing, 
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it is essential to cooperate with other departments to minimize the impact. Five 

departments are included in the work with leveling at Toyota; sales, design, production 

engineering(PE), production control (PC) and manufacturing. Sales work with limiting and 

excluding variation in sales. Design minimizes variation by standardization of  product 

functionality to avoid assembly process variation and making it manufacturing friendly. PE 

is responsible for common work methods, layout and equipment, as well as repeatable 

work sequences. PC works with planning production according to a repeatable pattern, 

taking into consideration capacity, work content variation and support processes such as 

material handling. Manufacturing then keeps workstation loading as even as possible, which 

only can be achieved if  a leveled schedule is made by PC. Driving these is advanced 

management support systems.  

 

Heijunka is also about consistently releasing a small amount of  work to production. It 

becomes complex to respond to customer requirements and changes when large batches of  

work to the shop floor is released (Rother & Shook 2009). Releasing too large increments 

of  work may cause several problems, including fluctuation in work load causing extra 

burden on both workers and machines. It also becomes more difficult to monitor, to know 

whether or not production is ahead or behind. Lead time increase and the need to expedite 

might be triggered when each process may shuffle orders. By establishing a more consistent 

production pace, the flow becomes more predictable and helps problems surface to enable 

quick corrective action. A paced withdrawal could be a start. This means to regularly release 

a small, consistent amount of  production instruction at the pacemaker process, and at the 

same time remove the same amount of  finished products.  
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Uneven workload 

Figure 10: Illustration of  heijunka. Spreading out heavy-workload products helps leveling. 
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The pacemaker process is a single point in a production value stream which is scheduled 

and kicks off  the entire production by continuous flows and pull systems. The consistent 

increment of  work is called the pitch, and may be calculated in different ways. It could for 

example be: 

𝑝𝑖𝑡𝑐ℎ = 𝑡𝑎𝑘𝑡 𝑡𝑖𝑚𝑒 × 𝑝𝑎𝑐𝑘 𝑠𝑖𝑧𝑒 

60 𝑠𝑒𝑐𝑜𝑛𝑑𝑠 𝑡𝑎𝑘𝑡 𝑡𝑖𝑚𝑒 × 10 𝑝𝑖𝑒𝑐𝑒𝑠 𝑝𝑒𝑟 𝑝𝑎𝑐𝑘 = 10 𝑚𝑖𝑛𝑢𝑡𝑒 𝑝𝑖𝑡𝑐ℎ 

The pack size is the size of  the container, how many finished goods it may contain. Using 

this pitch allows the pacemaker process to produce one pack size worth of  goods 

according to the takt time, while also one pack may be removed according to takt time 

(Rother & Shook 2009). 

 

5. Build a culture where the process is stopped to solve problems so 

that the quality will be correct from start. 

To improve quality on the long term, it should be built-in to the company philosophy to 

stop any process or slow it down in case of  deviations. The point is to put pressure on the 

system so that if  for example a production line is stopped by a problem, everybody has to 

solve the problem effectively. Every time there is a deviation in assembly a control should 

be made with a follow-up. Some common lean terms are associated with this principle. 

 

Poka-yoke is equivalent to “foolproof ”. Some kind of  system is implemented in a process to 

ensure that no mistakes can be made. For example it could be a motion sensor that stops 

production if  an operator accidently tries to put a component in the wrong place, or that 

the design of  the product makes it impossible to assemble wrongfully. Jidouka is commonly 

associated with automation. However, it has a deeper meaning and refers to built-in quality 

in a product. The process should automatically be stopped if  something goes wrong, and 

this responsibility can either be taken automatically by machinery or by operators who are 

obliged to signal when something is wrong. Andon is a word that roughly can be defined as 

“signal for help” and is used to ensure that the process is stopped when there is a problem. 

Workers are expected to signal so that team leaders are made aware and the problem can be 

solved quickly. This can be realized for example by the pull of  a string to set off  a short 

alarm and a red light, or simply by telling the team leader (Petersson et al 2009).  
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6. Use standardized methods as a basis for improvement and employee 

participation. 

If  there is a method of  performing a task currently known as the best way, there is no 

reason as to why it should not be the standard method. Without a standard method there is 

no basis for improvement. To keep predictability, timing and regular output from a process, 

stable, repetitive methods should be used everywhere to create flow. This includes both 

flow of  information and material throughout the organization. Standards do not exist to 

limit possibilities, but as a basis for predictability and improvement. There needs to be a 

balance between giving strict procedures and freedom to be creative and improve. They 

must be so specific that they can be used for guidance, but still allow flexibility, where the 

operator is the one who should develop the standard and given responsibility to make 

improvement suggestions. 

 

7. Use visual management so that no problems remain hidden. 

It should be easy for people to know if  they are working according to standard or not. The 

operator’s attention should be to the working station and simple, visual systems should be 

developed to support the flow. The simpler, the more transparent and the more obvious, 

the better. Even important reports which business decisions are based upon should be kept 

to a minimum, at Toyota an A3 paper is sufficient (Liker 2009).    

 

The 5S 

The 5S is about creating a well-organized and functional working place where problems are 

visible, which is absolutely necessary support to be able to work according to standard, 

increase safety and eliminate waste.  

1. Seiri (Sorting) 

Separate rarely used items from often used ones. Keep rarely used items further away.  

2. Seiton (Structuring) 

Decide permanent places for items and tools which suits frequency of  usage.  

3. Seiso (Cleaning) 

Clean and ensure an environment that is safe and where things are visible. 

4. Seiketsu (Standardizing) 

Standardize the work so that the 3 previous principles are always followed. 
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5. Shitsuke (Self-discipline) 

To make sure routines are followed, it is good with both controls, setting goals and 

rewards for good performance with the 5S (Liker 2009). 

 

8. Only use reliable, well-established technology which supports 

employees and the processes. 

Technology should only be used to support people, not to replace. New technology might 

be unreliable and difficult to standardize, which is a threat to the flow. Well-tried 

technology should be implemented fast and work well with company culture. 

 

9. Develop leaders who really understand the work, live by Toyotas 

philosophy and teaches it to others. 

Rather develop leaders within the company than bringing in external. A leader must 

understand the daily work in detail and be a role model for the company’s philosophy and 

business methods (Liker 2009). The very first and main issue that will lead to failure when 

trying to implement lean is if  there is a lack of  belief  in the benefits of  lean from 

management (Moyano-Fuentes et al. 2009). 

 

10.  Develop remarkable people and teams who follow the company’s 

philosophy.  

This is about creating a strong and stable company culture where all share and work 

according to company values under a long period of  time. Work hard to constantly enforce 

the culture so that remarkable individuals and teams work according to company 

philosophy. 

 

Teamwork at Toyota 

At Toyota it is the shop floor teams who solve problems (Liker 2009, p.224-240). Team 

members form the top of  the hierarchy since they are the ones performing value-adding 

work. The rest of  the hierarchy is there to support them. Below the team members is the 

team leader who has vast experience as a team member, and below the team leader is the 

first line manager who is responsible for control and collaboration between a number of  

teams. The teams are most often between 4-8 people, and the team leaders do not usually 
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perform directly value-adding work. The team leader works like a doctor on call, responds 

to andon signals, tries to predict problems or helps out in assembly if  someone needs a 

break or is absent. They also make sure goals are reached, support activities and make sure 

standards are followed. They cannot take disciplinary action but are only there as support. 

First line managers does work which otherwise would be considered part of  HR- 

construction and quality control. They are part of  including new products, larger 

improvements of  processes, and regularly keep short lectures. If  needed, they can also 

work with assembly.  

 

To achieve the benefits which lean production offers, it requires workers to have a wide 

range of  skills, frequent feedback and support to eliminate any obstacles which stand in 

their way of  doing work, as well as the provision of  necessary resources. The difference 

between lean and a traditional work system has less to do with hierarchy and more in using 

work teams for problem solving, listening and adopting worker suggestions, better 

documented processes and a wider range of  tasks for employees. While supervisors set 

goals for higher efficiency, workers have to work hard to reach them, as these are 

continuously pushed for by top management. The teamwork induces group pressure, 

which allows people to help each other reach goals. This kind of  work system requires high 

qualifications in workers, which are dependent on continuous training, personal 

improvement and rotation of  tasks amongst workers. Even though workers are given more 

responsibility and influence of  their work, it does not mean they should be able to freely 

choose procedures and times, since this contradicts the importance of  standardization. 

They should be included in the process of  developing their work tasks but then perform as 

decided. Functional teams are very important. There is empirical evidence that the 

development of  teams highly influences business performance and quality of  working life 

(Moyano-Fuentes et al 2009).  

 

11.  Respect the extended network of partners and suppliers by 

challenging them and helping them become better.  

Suppliers and partners should be considered an extension of  operations. To challenge and help 

shows that you value them. 
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12.  Go see with your own eyes to really understand the situation 

(genchi genbutsu). 

This is about speaking on the basis of  personally verified information, personally going to 

the source, examine and control, and not just theorize on what a computer or others say. 

 

13.  Make decisions slowly and in consensus. Consider carefully all 

alternatives, implement fast. 

Direction should not be determined before all alternatives have been considered carefully. 

When the right path has been chosen, one should move fast but carefully forward. 

Implementation should be quick. 

 

14.  Become a learning organization by tirelessly reflecting (hansei) and 

constantly improving (kaizen).  

Only once stable working methods have been developed, tools for continuous 

improvement can be used. Work tasks should be formed to demand minimum inventory so 

that waste of  resources becomes clear for everyone. The knowledge base in the company 

should be protected and used to develop and promote employees in very careful systems. 

Learn by making standardized methods every time a new project is made instead of  

creating new methods every time. Reflect to surface all flaws and develop counteractions 

not to repeat them (Liker 2009). The choice of  method and solution should be based on 

what the problem is, and under what conditions it exists. There is a common 

misconception that simply implementing lean tools will lead to improvement, which can 

give bad results (Petersson et al 2009). Kaizen, or continuous improvement is not a set of  

tools, it is an approach and a way of  thinking of  employees and management. This attitude 

has sides of  self-reflection but also self-criticism, a desire to improve (Liker 2009, p.299). 

Acknowledging a problem is within Toyota considered the greatest sign of  strength. There 

are several tools which can be used to aid the work with this foundational principle. A few 

are summarized here. 

 

PDCA 

PDCA stands for Plan, Do, Check, Act. Ii is a method that can help drive improvement 

work, divided into 4 phases which often is illustrated as in Figure 11 on the next page. 
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• The assembler missed pulling the 4th screw. 1. Why was not all screws pulled to the 
correct torque? 

• The assembler was interrupted by a colleague. 2. Why could the 4th screw's torquing be 
missed? 

• It was not clear which screws were torqued. 3. Why did the interruption lead to the 
miss? 

• They were all screwed to the bottom by hand so it could not 
be seen. 

4. Why was it not clear which screws 
were tourqued? 

• Because it says that all screws should be screwed to the 
bottom by hand before torquing. 

5. Why were they screwed to the bottom 
so that it could not be seen? 

 

 

 

 

 

 

In the plan phase, customer need is defined, data is gathered, problems are analyzed to find 

the root cause and goals are set. The do phase refers to actual execution of  the carefully 

developed plan. It is in the check phase where the actual learning takes place, and the result 

is controlled. The act phase means to secure the new improved level through 

standardization. With the updated standard, the cycle can now restart. This technique has 

many different applications, for example within 5S (see principle 6), handling deviations in 

production or improvement of  any process (Petersson et al 2009). 

 

The 5 Why 

The 5 Why method is commonly known and the purpose is to find the root cause of  a 

problem. The question why? Is asked five times to determine the root cause, and for each 

question the answer gets more tricky. After 5 answers, the root cause should have been 

found and it will be possible to act upon the problem and find a lasting solution. The 

problem must be very specific, otherwise there might be many causes which cannot be 

found with the 5 why method (Petersson et al 2009). Figure 12 shows an example: 

 

Figure 12: Example of  5 why with specific problem (Petersson et al 2009, p.200) 

Problem: One screw to an attachment was not torqued correctly 

Plan 

Do Check 

Act 

Figure 11: The PDCA-cycle 



29 

Spaghetti diagram 

An example of  a process-specific improvement tool is the spaghetti diagram. The purpose is 

to map the physical road which a product/ customer/ assembler take through a process 

and thereafter try to improve the route.  

 

Normally the map looks like spaghetti and therefore the name (See Figure 13). This can be 

used when trying to decrease cycle time in processes and to eliminate waste in the form of  

transportation or movement. Solutions can involve changing assembly standard, moving 

tools to another place or redesign the layout (Petersson et al 2009). 

 

 3.6  Criticism on Lean 

It is a common misjudgment that lean is a collection of  methods for the mass production 

industry which can simply be implemented to improve a business. This is wrong according 

to basic theory of  lean, and instead lean offers an approach for how to conduct business in 

any company. The importance of  developing methods which support the own company’s 

values and conditions is argued strongly in literature. In this system, there are many 

advantages which have been documented in a vast amount of  literature (Petersson et al 

2009; Liker 2009; Rother & Shook 2009; Karen Martin 2012). However, negative effects 

have also been reported, where the lean philosophy has been used wrongfully in a way that 

it affects worker safety and well-being. There are also reports which claim the positive 

effects are doubtful. In an article by Stefan Söderfjell (2010), the absence of  research 

supporting the lean philosophy and the Toyota Way is discussed.  

 

 

  

 

    

   
 

 

Before: 

76 meters 

After: 

23 meters 
 

Figure 13: Example of  a spaghetti diagram 
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The author criticizes lean as something worshipped like a religion, where according to him 

there is no existing evidence in proper research that implementing lean will automatically 

lead to increased productivity, employee satisfaction or others. Results presented earlier 

however show the opposite (chapter 1 & 2). 

 

The American Darius Mehri worked in a Toyota automobile company named Nizumi from 

1996 to 1999. From this experience, he claims to have unraveled “the darker side of  lean” 

and seen suffering on the accounts of  its advantages. He does not object to Toyota’s 

achievements but debates that it comes with a price (Mehri 2005). He claims that 

employees’ well-being and safety is neglected through TPS. One issue which he discusses is 

supported by background information and should be taken into consideration. He explains 

how the TPS at Nizumi created a dangerous working environment for employees where he 

states machinery was tightly packed together on the assembly lines and line speeds were too 

fast, resulting in many accidents reported. In fact, the Japanese government ranked all 

automobile companies in Japan in order of  how dangerous the working environments were, 

and Nizumi was in third place one year of  his working time. However, Liker who 

continuously traveled to Japan, studied Toyota and other firms implementing lean for over 

20 years claims that not only the working morale, but safety can increase as well by 

eliminating waste in every step of  the process. The book does not portray any empirical 

evidence for an increase in safety other than from interviews and personal experience, but 

the focus on employee development within the company, respect for the individual, 

commitment, team work, satisfaction and security in employment is brought up several 

times, as well as muri being something negative (p.4).  

 

In an extensive review of  thinking and research related to lean production from 2009 by J. 

Moyano-Fuentes et al., it is pointed out that there are a number of  papers which emphasize 

the importance of  worker commitment to the company for a lean system, referring to 

seven different papers (p.565). The responsibility of  employees expands beyond 

production tasks and their pay is based more on their abilities than on the number of  

operations performed. In general, changing the manufacturing structure to a lean system is 

said to have positive effects on job attitudes.  
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Lean is ultimately about producing value for the customer and to tirelessly eliminate 

wasteful activities while respecting stakeholders, including company employees. Just as 

Darius Mehri pointed out, J.Moyano-Fuentes et al. writes that the quality of  working life 

might be affected unless preventive mechanisms are implemented which will halt the 

development towards a stressful environment pushed too far. Work may become more 

intense and there is a loss of  freedom for deciding to take risks or not, where there may be 

repetitive and monotonous work. Downsizing the number of  stable jobs together with 

implementation will not have a good effect on lean practices. To avoid these negative effects, 

it is important to make sure the voice of  the workers is heard, and fulfilling the lean 

principle of  respecting all stakeholders, including employees before pushing the elimination 

of  waste too far (Moyano-Fuentes et al 2009). This is however part of  the basic lean 

philosophy, and according to Liker (2009), the ultimate result will be decided by the ability 

of  the company implementing it. 

 

What will determine if  a company develops towards being lean or not lies greatly within 

that company’s values and capability to live up to these. There must be a respect for 

employees which means that they cannot be challenged too much while still keeping a 

balance. Some challenge is necessary with or without lean thinking to satisfy stakeholders 

(Petersson et al 2009).  
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 4  Foundations of the Value Stream  

Value stream mapping allows for a view of  the entire value flow of  a product, taking focus 

away from sub-optimization of  individual processes and instead aiming at improving the 

whole. The focus of  the workbook by Rother & Shook (2009) is at the production flow 

from customer demand back through to supplied material, and so is this project. The value 

stream consists of  two different flows; the material flow and the information flow that tells each 

process what to do (Figure 14). Two important tasks connect the value stream trough 

production control, including handling customer demand and handling the supply of  

material, which are presented in this chapter. 

 

 

 4.1  Handling Customer Demand: Forecasting 

To handle customer demand, forecasts are needed for planning capacity, logistics, 

purchasing of  material and setting the production schedule. Before an order is placed by 

the customer, forecasting demand is the only way to plan production. 

“Although it is more difficult, forecasting true demand will help a company make sensible, long-term 

decisions that can profoundly affect its market position.” 

M.A. Moon et al (1998, p.47) 

The effect that comes of  accurate forecasting can be profound. It makes it possible to do 

operations effectively, keeping both partners and customers satisfied. It is crucial to avoid 

stock-out, keep inventory low, purchase cost-effectively and to be able to offer customers 

high quality service. It is described in the paper by M.A. Moon et al (1998), how a company 

producing automotive aftermarket parts, improved its bottom line by 6 million USD per 

 

COMPANY 

Supplier Customer 

Production 

Control 

Material Flow 

  

Information Flow 

Figure 14: The information and material flow comprises the value stream 
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month after making a company-wide improvement of  sales forecasting effectiveness. The 

authors developed seven keys to help inspire management to see improvement 

opportunities of  forecasting efficiency. The ideas in this article come from a 15-year long 

research project where hundreds of  companies were involved. In addition, the writers have 

over 20 years of  experience in consulting with large corporations on their forecasting 

systems and processes. As improvements are made, inventory levels can be lowered and 

cost savings made in production, logistics and transportation.  

 

Some of  the keys relevant to this study are presented here. One of  the keys is “understand 

what forecasting is and what it is not”. This is about understanding that forecasting is a 

management process and not computer software, as well as clearly separating forecasts, 

plans and goals from each other. A sales goal is a target that everyone commits to and 

works hard to achieve and exceed. A forecast is a separate set of  numbers, which provides 

an estimate of  future sales. The sales goal should be kept a separate set of  numbers not to 

jeopardize the fact that forecasters should strive for accuracy. Linking sales forecast and 

goals is especially dangerous because it may lead to game-playing among the salesforce. If  a 

sales person believes long-term forecasts may affect next year’s quota, they will be strongly 

motivated to underestimate the forecast to make sure the goals next year are achievable. 

They also do not want to set a forecast lower than goals expected from them, which 

hinders accuracy additionally and increases the risk of  game-playing. Some companies 

expressed that with the forecast and goals being different, it creates confusion and lack of  

focus. The result of  such thinking is inaccurate forecasts which affect performance 

throughout the company. The authors strongly believe that these must be separated, 

because the behaviors they are supposed to affect may conflict severely. 

 

Another key is presented as “communicate, cooperate, collaborate”. It is of  utmost importance 

for effective forecasting that companies incorporate a mechanism that brings together 

different functionalities, where it is ensured that all relevant information has been taken 

into consideration. The mechanism can for example be implemented by organizing and 

keeping regular meetings where representatives are brought together from departments 

such as sales, marketing, production planning, finance and logistics.  
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There are many companies who either rely solely on qualitative tools such as the opinion 

of  experienced forecasters or the opposite quantitative tools such as time series analysis. 

For effective demand forecasting, it is key to combine these tools for effectiveness. These 

must then of  course be adapted to the firm in question, and used intelligently to suit its 

specific conditions. The task of  forecasting is difficult due to change in demand, varying 

lead times, the presence of  extreme situations and trend shifts. Other factors also affect the 

demand, such as general economic environment and market. However, forecasting 

accuracy is crucial to production planning and supply chain operations. Improving the 

demand accuracy can lead to significant improvements for a company, including monetary 

savings, decrease in stock, increased competitiveness and customer satisfaction.  

 

Besides the most important property of  forecasting, accuracy, two other properties should 

be considered when evaluating forecasting methods according to the authors. These 

include bias and efficiency. The systematic tendency for a forecast to deviate from the 

actual value or fail to follow actual observations is known as bias. Efficiency refers to 

incorporation of  new information as soon as it becomes available. Although a forecast is 

accurate, it does not mean it is either un-biased or efficient.  

 

 4.2  Handling Supply of Material: PSM 

On the other side of  production control in the value stream belongs management of  

material supply. With multi-national corporations, the importance of  global PSM 

(Purchasing and Supply Management) has amplified. Offering lower costs, firms commonly 

outsource suppliers abroad, often resulting in decrease in quality, language barriers, longer 

lead times and the difficulty to monitor suppliers from far away (Schoenherr et al 2012). 

 4.2.1  Handling Inventory Items 

When firms deal with large amounts of  inventory items, it is essential to find a way to use 

resources effectively for handling these, and focusing on the most important items. A 

common way of  realizing this is to classify items. Traditional ABC analysis may be used to 

classify component types by volume and cost, and thereby develop different purchasing 

strategies for each classification. Doing this allows different priorities to components in 
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different cost/volume classes, eases the purchasing operations and has potential to decrease 

unnecessary costs. The idea with traditional ABC analysis is to classify one group of  

inventory items which represents the largest share of  cost-volume (usage weighted by unit 

cost), one intermediate and a large number of  low cost items which represents a smaller 

share. Usually a small number of  inventory items (e.g. 10-20%) represent the largest part of  

the cost-volume (e.g. 80-90%) and a large number of  other items represent a very small 

share of  the cost-volume. These care labelled A,B, and C accordingly. Figure 15 exemplifies 

this with data from 3 companies. The argument is that by focusing the attention on the A 

category, managerial effectiveness can be maximized.  

 

However, cost and volume per respective item are not the only factors which must be taken 

into consideration. The authors B.E. Flores and D.C. Whybark (1985) of  a paper 

investigated other qualitative criteria some 30 years ago and since then many approaches 

have been developed related to multi-criteria inventory Classification (MCIC) techniques 

(Hatefi et al 2013). Taking into consideration more criteria is important to make sure each 

category is handled suitably. The authors suggested six additional criteria which included: 

obsolescence, repairability, substitutability, lead times, criticality and commonality.  

 Obsolescence (aging) is related to engineering operations and refers to for example highly 

technological parts being subject to sudden change, where engineers might develop a 

new component replacing the old soon. 

 Lead times strongly affect purchasing operations to manage inventory items. The length 

of  the lead times is important to be able to handle extreme situations, and the 

variability of  them affects safety levels.  

Figure 15: Copy from the work by B.E. Flores and D.C. Whybark (1985, p.39) 
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 Substitutability refers to the item being replaceable in a maintenance perspective. An 

item which easily can be replaced with another kind can be given less importance. 

 Repairability is close to substitutability. It refers to an item being easily and quickly 

repairable, so that less priority can be given to some. 

 Criticality also belongs to maintenance. If  an item has high criticality, it means that a 

stock-out of  that item would have a great negative impact.  

 Commonality is important related to manufacturing aspects. Depending on how many 

usages there are of  an item, it may be more or less important. 

 

Chosen criteria may be classified, where each class has a different strategy. For example lead 

times can be classified in long, medium or short lead times, and criticality into low, medium 

and high criticality. There may of  course be more or less than 3 classes as well, and defining 

these requires thorough analysis. Each item will end up belonging to a certain class for each 

applicable criterion, which decides the strategy to handle the item. In general, it may be a 

difficult task to take into consideration multiple criteria and find an appropriate 

classification based on these, especially if  the aim is to keep the number of  classifications 

low, e.g. A-B-C (Flores et al 1985).  

 4.2.2  Supplier Development 

In a lean perspective, suppliers and all stakeholders’ are an extension of  the business, and it 

is therefore very important to work with continuous improvement even with suppliers. A 

master thesis project was conducted at Scania by students from Linköping’s university in 

2012 where the students investigated five direct suppliers of  the company to see under 

which conditions work with supplier development was successful. The result showed that 

the conditions of  success are different for each individual supplier, and suggested that 

depending on the company, different strategies should be used in order to be successful. 

Using the same strategy on all suppliers gave only varying results, and it was concluded that 

an initiative to supplier development demands an analysis of  the supplier to match the 

strategy to its specific development needs. This would mean for example that a supplier 

which has an inconsistent management structure, no sense of  direction, no interest in lean 

and no strong improvement work could be a case where not so much can be done 

regarding long-term supplier development.  
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At a supplier where management mindset and operators’ mindset are closer to one’s own, 

and also their perception of  how work is being done, trying to support them coming 

together and working in the same direction could be the focus. At a supplier which already 

has a strong lean mindset and improvement culture, it could be better to help them with 

specific process improvements or other problems, since general lean workshops would only 

be excessive and not fruitful (Granman et al 2012).    

 

As the working methods grew and developed within Toyota through continuous 

improvement, Fujio Cho saw how it became more difficult to communicate and teach TPS 

to suppliers. At this point the TPS house was created (Liker 2009). This suggests that 

before you can help suppliers becoming lean and improving their value flows, you must not 

only have a well-established set of  principles which are followed, but also a means of  

communicating them. The house model can be used to insert targets for suppliers in the 

correct function and used for improvement efforts.  
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•Scope of process, Product family 

•What is value for the customer? 1. Preparations 

•Gather data, determine process steps 

•Analyze, find value-adding time and waste 2. Current State Map 

•Find ways to decrease waste, improve value flow 

•Challenge current situation 3. Future State Map 

•Do what? Who is responsible? When? 4. Action Plan 

•Implement necessary organizational changes for value flows 5. Implement! 

•Measure the process 

•Control improvements visually, continuous improvement 6. Evaluate 

 5  Value Stream Mapping of Atlas Copco SED 

Yokohama 

VSM can be roughly divided into 6 steps as seen in Fel! Hittar inte referenskälla.. The 4th 

step (Action Plan) will be advised in an action plan without time frame and responsibilities, 

since it is outside the project scope to implement the suggestions. The two final steps will 

be advised and document templates suggested. In this chapter the VSM method is applied 

to the factory and explained step by step. A description of  the company is followed by the 

preparations necessary and thereafter the current state is defined. The current state is 

analyzed according to lean principles and the sources of  waste in the value stream are 

determined. The future state is developed together with an action plan and advice of  

implementation to address the sources of  waste, where suggestions must be made to 

address all sources. Therefore, not only direct production but forecasting and supply 

management is also investigated. It is important to note that each company has to adapt the 

VSM to its own operations, making the improvement strategy individual and only 

implementable for the plant it has been developed for. 

  

Figure 16: The 5 steps of  value stream mapping (Rother & Shook 2009, p.327). 
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 5.1  Company Organization 

The division SED belongs to one of  the Atlas Copco Group’s four business areas 

Construction and Mining. The original company has its base in Stockholm, Sweden and is a 

global business reaching over 180 countries. In 2013 the number of  employees was 40 000 

and the revenues were 9.7 BEUR. In this business area, worldwide rock drilling equipment 

for applications in civil engineering, open pit mines and quarries are developed, 

manufactured and marketed. Aftermarket support systems are also part of  the business. 

Besides Construction and Mining, the other business areas of  the Atlas Copco Group 

include Compressor Technique, Industrial Technique and Construction Technique. The 

Atlas Copco Group works in a decentralized fashion, meaning that each individual 

organization within the group has their own responsibilities and authorities. Overall 

strategies and goals are however connected within the group from top management and 

division managers, unifying the company. 22 divisions operate within Atlas Copco and each 

of  them has global responsibility for their product range offered through operating units. 

The factory in Yokohama is one of  these operating units. All operating units have a 

business board which works with strategic and operative issues, as well as implementation 

of  assessments and controls. Three types of  organizations exist within these operating 

units: 

 Product Companies (PC): Produces products. Mainly development, manufacturing and 

marketing. One or more of  these belong to each of  the 22 divisions. 

 Customer Centers (CC): Contacts customers. Sales and service is handled by CC, and 

each center may work for one or more divisions. 

 Distribution Centers (DC): Logistics. These units coordinate the transport and logistics 

of  products between PC and CC. From this factory shipment is planned and 

performed at site, while in many other AC factories, the products are first sent to a DC 

which takes care of  shipping to customers. 

 

In Table 1 on the next page the factory’s different departments are listed. The ones marked 

in blue are directly related to the value stream mapping. 
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Function Activities 

General Manager Overlooks whole factory, ensures goals are fulfilled 

Business Controller Monthly reporting, controls reports from finance, analyze numbers, control 

assets, inventory values  

Finance Financial operations 

General Affairs SHE (Safety, Health & Environment), support production & management 

(maintenance, safety checks, accident report, protect labour laws etc), HR. 

MRS Mining & Rock Service division, different company. Warranties, customer 

support, technical service, customer training, manuals. Report to division. 

Parts Center Support general manager, responsible of  spare parts for aftermarket 

R&D Develop new rigs, reports to global R&D, improve current models, reduce 

costs, handling E-BOM, parts list, drawings.  

Quality Control Makes sure produced products keep high quality and are safe. Inspection, 

parts inspection, supplier audits, report faults to supplier,  

Marketing  Continuous contact with CC. Forecasting, approve MO’s, secure payments, 

complete specification for products to be manufactured, 

Purchasing Orders components from suppliers, keeping costs low, keep quality, work with 

suppliers. Reports to division center. 

SCM Material handling/logistics, part receiving, delivery, marketing support, 

production planning   

Manufacturing & 

Manufacturing 

Engineering 

Time reporting, responsible for assembly from welding to flushing, decrease 

production time, keep defects low. Training, develop standard methods, 

equipment, P-BOM,    

Table 1: Functions of  the factory. Scope for VSM marked in blue 

 5.2  Preparations 

Before value stream mapping can get started, there are some essential steps of  preparation. 

Unless the map of  the current state of  operations is collected and correct, there is a risk of  

wrongfully developed change measures (Petersson et al 2009). 

 5.2.1  Scope 

To improve the current value stream, focus will be put on what can be done on a relatively 

short-term basis, which is also suggested by Rother & Shook (2009) for a first VSM 

iteration. The definition of  short term here relies on these conditions considered given: 

 

1. Current location of  site, together with its resources; inventory space, 

information systems and current equipment for production 
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2. Current stakeholders (suppliers, customers, society, owners, employees) 

3. Conditions determined by institutions outside the factory which are out of  

reach (Division management rules, CC methods which cannot be changed etc.) 

4. Current product design 

 5.2.2  Defining Value 

Firstly, it is important to be clear about what value is for the specific company. Value should 

be clearly defined by what activities performed the customer is willing to pay for, and all 

other should be defined as waste (Rother & Shook 2009). It is important to distinguish 

between these concepts to be able to define the sources of  problems in the value stream 

and find points of  improvement.  

 

 VA (Value Adding) – Directly necessary to transform the product into its finished state, 

does not overload worker or machine and ensures even production. 

 An example VA activity is the direct mounting of  the engine unto the main 

frame. Another is the drying time of  the paint. Without this the product would 

not be fully transformed, it would be like inserting a screw half-way. 

 NVA (Non-Value Adding) – Not directly necessary to make the product, even if  some 

is unavoidable to engage in VA activities. It may take the form of  muda, muri or mura 

as described in chapter  3.4 . 

 Walking back and forth to fetch an assembly tool or transporting the main 

frame from the outside on to the main line. Storage time in warehouse is also a 

type of  waste, as well as quality inspection. 

 

In this factory, this means when an assembler is actually engaging in assembly of  a 

subcomponent or the product. Controls (quality, status check) of  any sort are considered 

non value-adding activities even though they are absolutely necessary today. This viewpoint 

is taken on to aim for continuous improvement. To make sure this definition does not 

become a threat to quality or safety, it is important that before trying to decrease any sort 

of  waste, consideration should always be taken of  potential negative effects. 
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 5.2.3  Selecting the Product 

Secondly, a product family must be chosen. Mapping the value stream of  multiple products 

or product families makes for a much too complicated map. Instead, in VSM focus is put 

on a particular product or product family which is an acceptable representative. A product 

family is a set of  products which pass through similar processing steps and over common 

equipment in the downstream processes (Rother & Shook 2009). The circled area in Table 

2 indicates as an example that product 1 and product 2 could be chosen as a family.  

Product Process A Process B Process C Process D Process E 

Product 1  X  X X 

Product 2 X X  X X 

Product 3 X  X   

Product 4 X    X 

Table 2: Choosing a product family 

However, selecting an entire product family will be overcomplicated in this project since 

the subassembly processes vary on a very detailed level between the different rigs, affecting 

the total time each subassembly station takes for different rig types. It was decided together 

with advice from supervisors that focusing on one specific product is the best choice to 

limit the complexity. The different drill rig series in the factory go through basically the 

same assembly stations, with a few exceptions, meaning that if  a good representative is 

chosen, the results can be applicable to other models as well. Currently there are 17 

different standard models, where each rig may be unique due to selectable options. A 

product which is produced in high volume and represents a large part of  the revenue is a 

good choice, since finding improvements related to this would be the most beneficial to the 

company. For confidential reasons, the chosen rig will be known as Product X. The 

customer demand for Product X has been relatively stable for many consecutive years. Out 

of  the units planned to be produced according to the yearly forecast in 2014 from March, 

around 40% of  them is of  the same series, and 90% of  these is Product X.  
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Product X 

The main application areas of  this rig include blast hole drilling in construction, aggregate 

and limestone quarries. The complete machine itself  weighs approximately 12 tons. A 

water cooled diesel engine is used for Product X which is coupled directly to a hydraulic 

pump on the end. Around 200 hoses are used on this machine for all fluids and air 

connections. There are also filters to clean the air to the engine and compressor.  

To the other end of  the engine, an air compressor is connected. On the track frame the 

main frame is mounted, and on this the power pack, dust collector, cooling system and 

boom system is mounted. The power pack assembly is the name of  the engine, hydraulic 

pump drive and compressor mounted together. From inside the cabin, all functions are 

controlled. Joystick controls are used to direct the rock drill in the drill boom and feed 

system, driven by hydraulics that positions the boom and adjusts the feed. Pull and down 

wire controlled by fast and slow feed controls makes up the feed system. A rod changer 

inside the system to adjust the drill length works by a managed hose arrangement. In Figure 

16 the product can be seen with its main components. Some features of  the product are 

included in every variant of  the series and are called “standard components”. Others are 

“selective options” in different categories. In some cases, the customer will ask for special 

options which are not provided as a standard, but may be offered if  possible. The VSM will 

be based on the standard rig without special options. 
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The Main Frame of Product X 

Trying to follow and map a whole product’s value stream from start to finish is not 

plausible, since each component follows its own value stream. However, it is possible to 

choose a representative component which goes through the assembly processes and map 

its way through the value stream, as the product is built with it. Following one component 

which is a good representative and which processes can be related to other products’ value 

streams will be the best choice. The component which will be chosen is the main frame of  

Product X. This main frame is also used in other standard products. The other 3 models of  

main frames have similar prices, 2 are from the same supplier and the supplier lead time is 

the same for all of  them, which means that the mapping may be useful for other products 

as well. Other factors include that it is in the top of  expensive and heavy components, and 

that it also goes through a pre-painting process at the factory site before entering the 

assembly floor. This process can therefore also be included. The lead time from the 

supplier is said to be 60 days, which is relatively long in relation to other components. A 

few other more expensive components exists, but these do not go through the painting, 

and are not included in the main line from the very start, which is why the main frame will 

be chosen. The main frame will be called Main Frame A. 

 

Figure 16: Simplified image of  product. 1-Boom, 2-Track Frame, 3-Feed beam, 4-Rock 

drill, 5-Rod handling System RHS/RAS, 6-Centralizer (Atlas.C KK 2012) 
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 5.3  Defining the Current State 

The purpose of  this step is to describe the value stream of  chosen product. This current 

state is put together in a descriptive and simple map. Rother & Shook (2009) have 

developed a standard for how to draw the map with a set of  symbols, which may be 

adapted to suit the own company (Appendix A). The map should first be drawn on paper 

with a pencil and an eraser to make it easily changeable. The product flow should be 

observed by walking upstream the process, to understand the dependency between 

processes, as they are drawn on the map. One should always make sure the data collected is 

valid, so the best way is to time the processes and not rely on standard times. The goal is 

not the mapping itself, but to implement a value-creating flow, and the mapping helps to 

focus and visualize an ideal (improved) state. The data set of  the factory can also be seen as 

a summary in Appendix B if  a shorter version is preferred. 

 5.3.1  Customer Requirements 

Since the customer demand varies greatly during a year, a constant takt time is not 

applicable. There is a tendency of  production to be higher between February and October, 

while lower between November and January the coming year. Whatever time period is 

chosen for the VSM to represent the takt, it would still have to be updated periodically, 

since the monthly demand can vary from everything between 10 to 30 rigs per month, in 

some cases even more, which significantly changes capacity demand. To determine an 

average for the VSM which would help even out production, a 6-month period was chosen, 

since the longest period of  update for the forecast is 6 months ahead. If  a longer period is 

chosen, part of  it will not be updated and it will be highly uncertain. If  a shorter period is 

chosen, the leveling effect will be smaller. 

 

By looking at the forecast from March 2014 of  the coming six months (April – September 

2014) it can be seen what the average takt will be during this period, see Table 3. In today’s 

production it is not possible to for example produce 0,4 rigs of  one sort and 0,2 of  another 

during the same day. One rig at a time is produced on a manufacture-to-order basis (around 

1 per day). 
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Rigs Demand Apr-

Sept 2014 

Working 

Days 

Takt 

All rig models 98 rigs 120 days 0,82 rigs/day 

Rigs with Main Frame A 51 rigs 120 days 0,43 rigs/day 

Product X 37 rigs 120 days 0,31 rigs/day 

Table 3: Customer demand and takt for April - September 2014 

 5.3.2  Supplier Information 

Components of  the drilling machines are ordered from multiple suppliers, domestic and 

international, internal and external to Atlas Copco and assembled at the factory.  

 

Main Frame A 

The supplier for Main Frame A is located abroad with an agent in Japan, which will be 

called Supplier K in this project. For Supplier K a 4-month forecast is sent.  

When the main frame was put into the first processing of  painting for the first 

measurement, a total of  27 main frames were in stock4. Instead of  setting an averaged 

number of  main frames, this high number is used because it portrays the current situation 

and its problems well, which will be helpful to develop improvements, and it will not create 

a false current state. The frames are ordered in batches of  4 since every container fits 4, 

although several batches may be ordered at the same time with different delivery dates. 

Since sometimes several orders from the same supplier are delivered on the same day, those 

deliveries have been counted as one from received data of  deliveries. The deliveries vary 

arbitrarily between 1-4 times per month. See Table 4 below for data from 2013.  

Table 4: Number of  Main Frame A deliveries in 2013 

                                                 

4 Data retrieved 31-03-2014. 
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The lead time was said to be 60 days for Supplier K in 2013, and orders were placed 

roughly around 60 days before delivery request date, but sometimes a bit earlier and 

sometimes a bit later (Today in 2014 the lead time is said to be 40 days). This deviation 

from being 60 days out with the order is displayed in Table 5 as well as delivery date 

deviation from lead time. The positive numbers indicate days in advance and negative 

numbers the days of  delay from standard lead time. It can be seen in Table 5 that the lead 

time varies from the set 60 days. Orders which were delivered on requested date were all set 

to 0 days of  delay even if  the order was placed early, since it would be misguiding to set 

this as a delay when the supplier has delivered in time of  requested date. It also indicates 

the order was placed in time at this point. Orders which were too early are not set to 0 but 

calculated, to show how short the lead time really was at these points.  

 

 

It can be seen in Table 6 that even though orders are sometimes placed 80 days beforehand 

(+20 from lead time in May, month no.5) the delivery was delayed substantially. This is 

reoccurring. The requested date is however not always 60 days from order date. The data 

below shows delivery time deviation from both requested date and said lead time of  60 

days. It can be seen that it deviates similarly from requested date.  

Table 5: Delays in delivery from supplier positive numbers indicate days in advance, negative days of  delay from lead time  
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Table 6: Delivery date deviation from requested date and lead time.   

 

Today the lead time is a set value on agreement with the supplier, and only the days 

between delivery request and actual delivery are monitored. A calculation was made with 

standard deviations for Main Frame A with Microsoft Excel to compare the set lead time 

with the actual average lead time between ordering point and delivery. The standard 

deviation was used to increase reliability. This can be seen in Appendix C with explanations 

of  the algorithms (In chapter 5.3.4 the standard deviation is explained). The average lead 

time was calculated after removing positive and negative deviations equal to or more than 

one standard deviation and it showed that for January to June the average was 64 days. For 

July to December it was 68. The average of  68 in July to December however, is due to one 

post that is 49 days. All the other are much higher, which would suggest an average lead 

time that is higher than 68, and the need for a qualitative decision in combination with the 

standard deviation, for example setting it to 70 days.  

 5.3.3  Production Control 

Currently there are difficulties in handling frequent rig specification changes. Since the first 

production planning is based on early forecasts, once time closes in and more accurate 

forecasts may be made, the production schedule is very flexible and goes through multiple 

changes. At the factory an Enterprise Resource Planning (ERP) system software is in use 

called BPCS (pronounced “beepix”, meaning Business Planning and Control System), 
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which utilizes a MRP (Material Requirements Planning) system for production planning. 

Production control consists of  several linked processes in the value stream, which are 

presented in this chapter. 

 

Handling Customer Demand: Forecasting  

To handle sales the Atlas Copco Group has multiple CC all over the world responsible for 

sales in their region. Each CC selling rigs produced at the Yokohama factory provides 

yearly forecasts updated quarterly of  how many rigs they presume will be sold. The 

responsibility of  fulfilling and trying to exceed sales targets lies with the CC. There is no 

separation of  accuracy-oriented forecast and sales target at CC. Since the CC forecasts are 

not completely accurate to actual sales (approximate 60-80% accuracy), the marketing 

department needs to update them manually and keep daily contact with CC. In the end of  

every year, next year’s first forecast is determined by the product manager at the marketing 

department. The closest 2 months for the forecast and 3-month production plan are 

updated during the weekly SRP (Sales- and Requirements Planning) meetings which are 

described further in the production planning chapter.  

Once a month, a SRP meeting is also held with divisional business support managers, 

regional market manager and the marketing department to update approximately the 

coming 6 months.  

 

Looking into the accuracy of  forecasts, differences between actual sold rigs and forecast 

can be seen, as well as a difference between produced rigs and sold rigs. Last year (see  

 

Table 7) was according to marketing a very unusual year with many rigs sold and a few 

large deviations from what was planned. The accuracy of  produced to sold rigs is high in 

comparison to the CC forecast accuracy. However, a forecast is only a forecast and will 

likely never be 100% accurate. 

 

 

 

 

Table 7: Accuracy of  forecast for 2013 (sold rigs = 100%) 

 Accuracy to sold rigs 

CC Estimation 74% 

Actually Produced 105% 
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Order Capture 

The customer places the order at the local CC and a manufacturing order (MO) is sent to 

the factory. If  an order from the customer is basically decided but the deal has not been 

signed yet, a pre-MO may be sent to the factory to be able to prepare earlier, after which 

the real MO will be issued. There are also consignment MO’s ordered by the divisional 

marketing department, which are rigs to be produced without a customer inquiry. The 

factory cannot produce a rig which does not have an MO, and so the consignment ones are 

made when deemed necessary. Consignment MO’s are “open” in a way that if  a customer 

contacts a CC and asks for a certain rig with some special options, the factory can allocate 

and change a consignment MO if  possible. Once the payment is confirmed to be secure 

for an MO, it has been screened and approved, is when the P-BOM (Production Bill of  

Materials) is constructed and the order can be released to production. Sometimes an MO 

might be withdrawn, if  for example if  there is an order delay for a CC and no physical 

room for the consignment MO based rig they had ordered from the factory. Specification 

changes often occur. Around 2 months (1-3) after the actual order is placed is usually when 

the rig will be shipped. See Figure 178 for a simplification of  the ordering process.  

 

 

 

 

Production Planning 

According to customer forecast a 3-month production schedule is kept with information 

such as date of  shop order, assembly start/finish, date available for delivery and 

destination. At the SRP meeting capacity for production is discussed, as well as changes to 

the production plan; expediting products planned, change of  specifications to some 

specific product etc. Concerned internal departments include: Marketing, SCM, Purchasing, 

Manufacturing, sometimes QC and R&D. Different departments can give their input on 

customer center orders, production capacity, inventory, delivery capacity and so on. The 

new parts introduced to the set schedule (around 1 month) are then run in MRP. When this 

is done, the MRP system calculates components needed, inventory levels, etc. The SCM 

manager then makes a plan for the main line. When the assembly start date is decided for a 

Forecast 
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Manufacturing 

Order 

Assemble 
Machine  

Ship 
Product 

Figure 17: Ordering process simplified through to shipping 
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product, the P-BOM is released and given to the manufacturing department. The 

Manufacturing department manager makes the schedule for assembly stations through 

MRP, showing about a month at a time on a printed schedule in the factory. 5 days before 

the start of  an assembly for a product, a shop order is released used for material handling 

components from the inventory and other preparations. The start of  assembly indicates 

when the painting station should start. A date is set when the product should be finished 

and set for delivery, but the actual delivery date varies, and therefore the length of  time 

between finished assembly and shipping varies. Short daily briefings are held twice a day 

with SCM and manufacturing once in the morning and once after lunch to quickly discuss 

how things are going on the assembly floor and bring to light any updates. The assemblers 

work in general with the same tasks, but recently they have started training for multi-tasking 

and learning other stations as well. The assemblers are divided in smaller teams with a team 

leader to better manage assembly and goals set. 

 

Handling Supply of Material: PSM 

The Purchasing department makes sure components are available in time for production 

and aftermarket needs. Included in their objectives is also to decrease standard costs for 

products by negotiating with suppliers while trying to keep the same high level of  quality, 

as well as decreasing lead time for components. Besides the inventory space at the factory, 

two outsourced warehouses are rented as well. To make sure components are available for 

production at the factory, each warehouse must be checked manually on a daily basis by 

purchasing staff  in BPCS.  

 

The thousands of  inventory items are divided into two categories, where components with 

60 days or less lead time are ordered according to the weekly updated forecast where the 

MRP system sees the quantity necessary for production and takes into consideration the 

varying lead time from the supplier, deciding ordering points for 60 days forward, since the 

longer production plan is for 3 months (around 60 working days). All suppliers use the 

same internal system and so orders can be placed automatically. These components are 

usually of  a smaller kind, like bolts, nuts, hoses and adapters. Components with 61 days or 

more in lead time are in general more expensive and larger, like engines and main frames, 

and are ordered manually with the personal approval of  the general manager, including 
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Main frame A. It is however not always the case that longer lead time equals higher 

standard cost. Subjective discussions are made with SCM to decide item safety stock levels 

for some components which need it, depending on different factors; lead time, quality 

issues from supplier, size, delivery date reliability and other related reasons. Components 

which have not been used for over two years either in production or aftermarket are 

scrapped. Two times a year product reviews are made, where standard costs and lead times 

are reviewed after negotiation with suppliers and updated. The actual purchasing price may 

however change quickly due to currency exchange and other factors. 

 

To lower the products’ standard costs, the amount of  imported components from abroad 

suppliers increased by 25% between 2010 and 2013. Most of  the purchase is still made in 

Japan (around 50%), but following these domestic suppliers (by purchase amount) are 

China, Sweden, Korea, USA, France and others. Since suppliers have changed to being a 

large part from overseas LCC (Low Cost Countries), the task of  handling suppliers has 

become greater while the workforce has remained constant. By importing from LCC 

suppliers, the standard costs of  producing the models have decreased greatly, but other 

problems and costs have surfaced. Standard costs are taken into consideration, but risk 

calculations are not made today. Different departments today are affected by the change: 

 Handling customs in Japan 

 Inspection of  items for new suppliers before stock and lower quality items 

 Handling more industrial waste, such as unpacking and disposal of  wooden boxes  

 Language barriers leading to communication difficulties 

 Longer lead times of  components. Forecasts of  uncertain points of  time in the future 

must be used, inducing high inventory levels 

 Different cultures, new regulations and certificates complicates operations 

 Different standards of  components in different countries limits standardization of  

products 

 Currency exchange rates and more increased transportation fees becomes a factor 

affecting the costs and strategies of  purchasing, as well as the load on the finance 

department 

 Delivery delays due to weather or other supplier-specific conditions not occurring 

previously 
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 Larger inventories with external warehouses   

These issues naturally demand work from employees at the factory, handling production 

planning, inventory and purchasing operations, as well as quality control. There are also 

some difficulties when someone is sick or away, as employees in general mostly know their 

own responsibilities and it is a difficult task to fill in for someone else. 

 

Supplier Development 

The Purchasing department works continuously with trying to help and push suppliers to 

decrease lead time and increase quality. Asian suppliers to the factory in general have 

around 40 days lead time; including 30 days for production and 10 days for delivery, but 

there are components with around 100 days lead time as well. The lead time is shorter for 

domestic suppliers, some as short as 10-15 days. To try and affect international suppliers’ 

lead time and productivity, sometimes telephone conferences are held with other Atlas 

Copco instances, such as the PC in Nanjing or division center in Orebro. So far, no one at 

the factory has visited a supplier specifically for the purpose of  supplier development, but 

the another PC has been asked to visit a Chinese supplier to the factory for this purpose. 

For quality problems, delivery information, negotiation and other issues suppliers are 

contacted directly, and concerning important components contact is held basically daily. 

 

Production Processes & Shop Floor Layout 

Preferably today to simplify picking and due to complexity in assembly, 2-4 products of  the 

same model type (with some points making each unique) are made subsequently to each 

other, producing around 1 rig per day. The assembly stations are not connected completely 

as a continuous flow, but are a mixture of  sub-assembly stations in functional layout 

feeding a main line divided into 4 steps, which can be seen in Figure 18. Material handling 

picks the bigger parts for 1-3 rigs at a time for each station. The assemblers collect smaller 

parts, puts them in a smaller inventory by the station and when the different components 

are assembled, these are delivered to the main line and in some cases other functional sub-

assemblies that in their turn feeds the main line. Large components are picked by fork lifts. 

Finished sub-assemblies are kept close to the customer process.  
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Each station has a manual with sequenced instructions and standard times exist in 

company database for all assemblies. The workers make individual daily time reports and 

for each rig in production, the assembly manufacturing processes are also timed, in terms 

of  different types of  direct labour and indirect labour. The different assembly stations are 

introduced in the layout map in Figure 19. There is also a second main line for use when 

demand is high. 
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Figure 18: Simplification of  material flow in production 
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Delivery Process 

Through the production schedule, delivery is also scheduled. Most finished rigs are directly 

delivered to the CC, but some products are shipped to customers, in which case the factory 

receives commission from the CC. See Figure 20 for an overview of  the process.  

 

 

 

 

 

 

 

 

It is not always possible for the CC to accept the rigs immediately after they are finished. In 

addition, some customers have difficulties specifying which date will be available for 

delivery and which day they will be able to pay for the order, even if  the MO 

(Manufacturing Order) has already been made. This means that after producing to the 

customer forecast, the products cannot just be delivered directly, sometimes creating a 

stand-by stock of  products on factory grounds. As for the Japanese customers, there are 

also religious traditions that affect the delivery of  finished products. Some days are 

perceived as bad days for doing business and some are good. 

 

Working Hours & Staff 

The factory works with 1 shift per day, from 8:30 to 17:00 (8,5 hours). There is a one hour 

lunch break and two ten minute breaks per day; one at 10:00 and one at 15:00. This leaves 

430 minutes for production every day: 

 

𝑊𝑜𝑟𝑘 𝑑𝑎𝑦 − 𝑏𝑟𝑒𝑎𝑘𝑠 = (8,5 × 60) − 80 = 510 − 80 = 430 𝑚𝑖𝑛   

 

Currently approximately 23 people work in the factory with assembly, but it varies 

depending on the monthly workload. 

  

Factory 

•Produces to MO 

•Ships to CC 

•Sometimes directly 

Customer Center 

•Direct contact with 
customer 

•Ships to customer 

•Comission to factory 
when direct shipping 

Customer 

•Decides when it is 
possible to accept 
delivery 

Figure 20: Customer delivery process 
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 5.3.4  Process Information 

Some different metrics are used to describe processes of  the current state. According to 

the VSM technique (Rother & Shook 2009), to get valid time metrics the best is to 

personally time the processes and not rely on secondary sources of  information. It is 

however difficult to determine valid averages by timing, since the assembly hours are very 

long (1-3 days for a batch) and there are only a few chances where the correct model will 

be assembled. This means that the results would not be valid due to the time limits of  this 

project. Today there already exist data from time reports of  each individual worker, in 

addition to the standard times. In these reports, both direct time and indirect time is 

reported. The processing times can be compared with sample data and observation of  at 

least one rig to control the values for validity and deepen the understanding of  assembly 

processes. Time metrics are usually displayed in seconds to make the VSM comprehensible. 

However, with the long lead times of  this production, it is deemed more comprehensible 

to use minutes, since the processing times would be in tens of  thousands of  seconds, and 

the actual lead times do not vary in seconds but in minutes. Below follows an explanation 

of  different metrics. 

C/O: Changeover time is the preparatory time it takes to change from one product type to 

another (Rother & Shook 2009). It is not applicable in this assembly flow, since there are 

no changeover times, only differences in assembly time and preparations. 

Uptime/ AOP: This is sometimes known as reliability as well, and shows how much of  

the total time a process can be “active”.  

𝑈𝑝𝑡𝑖𝑚𝑒 =
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑇𝑖𝑚𝑒

𝑇𝑜𝑡𝑎𝑙 𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑇𝑖𝑚𝑒
 

This concept of  reliability is suitable for processes involving machinery. In assembly 

production, it is not the reliability of  machines which is the main issue; it is the Availability 

of  Personnel (AOP), a concept which is discussed in the webinars of  the Karen-Martin 

group (2012). The AOP is fundamental for the assembly processes to be performed and 

refers to the percentage of  available time in which personnel can work. There are around 

46 types of  work in the time reports which are put into either category of  direct and 

indirect work by different letters combined with numbers. Simply using current definition 

of  direct and indirect work may compromise the validity of  the results, since they are not 
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defined to suit VSM and lean thinking. Today all activities related to the machine are 

considered direct time and all else as indirect. The working tasks excluded from the AOP 

was sorted out by what tasks could not be related to the standard value stream of  the product, 

activities that are indirect and different from case to case. If  this time is removed as the 

operator being unavailable, it may be taken into consideration when creating the future 

state for the standard product, so that special options can be handled. The work tasks 

considered as personnel being unavailable are:  

 Any work related to optional parts or rework 

 Work related to faulty components 

 The making of  spare parts 

 All other indirect activities (e.g. office work, cleaning, fetching tools) 

 

The tasks included as part of  AOP are: 

 Direct assembly/production work 

 Picking and preparation tasks 

 Training in assembly, because assembly is being done.  

 The indirect time of  waiting for another process or change of  parts, because the 

worker is available even if  he or she must wait. 

 

By using the collected data of  year 2012, year 2013 and 2014 January until March, the AOP 

could be set to a percentage of  total working time. Many improvements have been made 

since 2012 and numbers deviate from 2013 and 2014. Therefore to be more accurate, the 

average AOP was based on 2013 and 2014 data, while taking into consideration the reasons 

for unavailability and confirming with staff. 

L/T: Lead Time includes everything from start to finish of  a process; not only direct time, 

but also necessary time for fetching tools, handling equipment, etc. 

C/T: Cycle Time is how often a part is completed by a process, or the time it takes to 

perform all steps of  a process before repeating them. In this production, this means all the 

direct time needed for assembly. The cycle times are today timed by workers individually as 

part of  the time reporting. Data for the last 16 rigs of  the selected model were used to 
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determine cycle times. Since these data are more recent after process improvements and 

still a large amount of  rigs, they are considered reliable. To find representative values and 

increase the validity for the cycle times, standard deviations were first removed from the 

data. The standard deviation measures the amount of  variation from the average of  the 

data set. These deviations are important from a lean perspective in that action must be 

taken to try and eliminate the source of  the deviation. However, to draw the current state 

map it is important that the times noted are as close to every-day reality as possible and 

does not represent an unusual case. The standard deviation σ in minutes per process was 

calculated according to: 

𝜎 = √
1

𝑁
[(𝑥1 − 𝜇)2 + (𝑥2 − 𝜇)2 + ⋯ + (𝑥𝑁 − 𝜇)2]    

 

Where μ, the average time of  all values was calculated according to the arithmetic mean: 

𝜇 =
𝑋1+𝑋2+⋯+𝑋𝑁

𝑁
      

The average lead times were calculated from this data according to AOP, batch size and 

number of  assemblers. Two Main Frame A’s were followed through the main line stations, 

and data was collected by letting the workers write down assembly times while observing at 

the same time, to get an understanding of  the flow before measuring in detail. One of  the 

Main Frame A’s was then followed in detail by timing the subassemblies from each station 

to get a one-case visualization of  component waiting time in production. The final set 

metrics in Table 8 were also confirmed with staff  to ensure their validity as average. The 

electricity assemblies differs from the other stations, where trained operators make 

preparations at the station as a first step (at station C) and then proceed to other 

subassembly stations to do smaller electrical assemblies in place. They are not added on the 

current state map (Figure 21) if  they occur simultaneously to the process (since it does not 

increase C/T), but noted in the below table. The inspection is handled by QC and delivery 

preparation by SCM, and so there are no time reports for these. Instead these were solely 

based on the timed cases and with qualitative information from staff. A full description of  

each station is in Appendix Appendix D: Assembly Process DescriptionsD.  

 

 



60 

 

 Samples within each assembly process data set 1 standard deviation or more away from 

the average value of  the same data set was removed, except for cases where the 

standard deviation is 35 minutes or less, since this amount of  time is short in 

comparison to total cycle time and does not indicate a deviating event. This was chosen 

also to make sure station O would be included, as it had some large deviations. 

 For cases where the standard deviation was less than 35 minutes, samples within each 

assembly process data set which lie 2 standard deviations (positive or negative) or more 

away from the average value of  the same data was removed. A low standard deviation 

indicates that there are no drastic deviating events. 

                                                 

5 This includes reported time for all standard assemblies including those in other stations. 

6 Reported as 1 station. It will be divided by two on the map, even if  there are a few minutes in difference. 

7 Same assembler at bushing, boom and cooler. The bushing is prepared in batches but not the boom. 

8 Station P and Q usually run simultaneously. Times for Q are used since these are the longest. 

Process Name 

Standard 

deviation 

(min) 

No. of 

assem-

blers 

Batch 
Average 

C/T(min) 
AOP 

Average 

L/T (min) 

Electrics 

Assy 

(min) 

C. Electrics
5
 41,7 2 1 (494) 59% 219 160 

J. Cabin 1 & 2 95,0 2 1 564
6
 66% 378 30 & 15 

B. Subassembly 

hydraulics 

27,1 3 3 867 70% 376 0 

D. Air end 57,88 1 1 327 62% 450 +15 

H,I. Bush, boom
7
 119,75 1 2,1 311 70% 404 0 

E. Engine 24,2 1 1 474 81% 563 +50 

L. 1st Main Line 59,7 2 1 649 79% 393 30 

P, Q. RHS Feed
8
 73,4 2 1,1 903 77% 555 +40 

K. Oil cooler 17,0 1 1 56 70% 73 0 

M. 2nd Main Line 60,3 1 1 302 65% 408 90 

N.3rd Main Line 78,3 2 1 632 83% 370 60 

O. 4th Main Line 37,1 1 1 283 72% 362 0 

R. Flushing 30,4 2 1 380 54% 277 0 

Table 8: Final metrics of  production processes. +-sign means extra time needed for electrics 
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PURCHASING MARKETING

L/D = 60 days 98 rigs in total next 6 months

Batch size = 4 51 rigs with main frame A

PRODUCTION CONTROL

Manufacturing,

SCM, Quality Control

MRP

CABIN 1 CABIN 2

Ø1 Ø1

C/T = 250 min C/T = 250 min

el assy = 30 min el assy = 15 min

L/T = 330 min L/T = 330 min

AOP = 66% AOP = 66%

time av.= 430min time av.= 430min

BUSHING & BOOM OIL COOLER

Ø1 Ø1

C/T = 311 min C/T = 56 min

L/T = 404 min L/T = 73 min

AOP = 70% time av. 430 min AOP = 70%

1 set

EL. PREP AIR END ENGINE time av.= 430min

Ø2 Ø1 Ø1

C/T = 160 min C/T = 326 min C/T = 450

L/T = 226 min el assy = +15 min el assy = +50 min

AOP = 59% L/T = 450 min L/T = 535 1 set

Other: 330 min AOP = 62% AOP = 81%

time av.= 430min time av.= 430min time av.= 430min

PAINTING MAIN 1 MAIN 2 MAIN 3 MAIN 4 FLUSHING INSPECTION DELIVERY PREP DELIVERY

Ø2 Ø2 Ø1-2 Ø2 Ø1 Ø1-2 Ø1 Ø1

C/T = 295/ 500 min C/T = 325 min C/T = 302 min(Ø1) C/T = 316 min C/T = 283 min C/T = 380min(Ø1) C/T = 240 min Delivery available  

Batch = 1-2 el assy = 30 min el assy = 90 min el assy = 60 min L/T = 362 min L/T = 430 min(Ø1) L/T = 430 min L/T = 220 min 1-5 times/week

L/T = 310 L/T = 393 min L/T = 408 min (Ø1) L/T = 370 min AOP = 72% AOP = 54% AOP = 50% AOP = n/a

AOP = n/a AOP = 79% AOP = 65% AOP = 83% 1 rig 16 rigs

time av.= 430min time av.= 430min time av.= 430min time av.= 430min time av.= 430min time av.= 430min time av.= 430min time av.= 430min

TAKT (Apr-Sep 2014)

0,425 Main Frame A rigs/day

0,817 rigs /day

C/T = 300 min (3) C/T = 452 min Takt time: 526 min

Batch = 3 el assy = +40 min Actual  Lead Time

L/T = 390 x 3 = 1170 min (3) L/T = 555min Cycle Time Assy L/T (days)=

AOP = 70% AOP = 77% 16,6

time av.= 430min time av.= 430min Production Lead

Time (days)=

99,2

Processing Time=

63 days  6 days = 2580 min 2.4 days 1 day 1 day 1 day 1 day 1 day 1 day 1.2 days   1day  19.6 days 2641

295+900=1195 min 325 min 302 min 316 min 283 min 380 min 240 min 220 min minutes

Tot. Value added=

6%

Value added time in 

37%

Direct assemblers=

23

4-month forecast Yearly forecast

Monthly forecast update Sends forecasts, orders 

parts
Weekly SRP Meeting, forecast & 

schedule updating

Continous update of 

forecast, contact with CC

Every 3 months forecast update

Order ~60 days out MO ~2 months out

SUBASSEMBLY FEED & RHS

Ø2-3 Ø2

-

--

27 Main frame A

I

1-2 frames

I
I I

on demand: 1-
4 times/ month

4 pcs/ order

Supplier K
Customer 

Center Customer

on demand

Monthly Schedule

2 Daily Meetings  - Daily Priorities

3-month Production Plan

I

1 set

I

I

2 sets

I

3 sets

I

 5.3.5  Current State Map 

 

Figure 21: Current state map. Note that flushing/ inspection is not counted as value-adding. Lead time of  the timeline is based on actual time it takes today 
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 5.4  Developing the Future State 

At the heart of  lean manufacturing, lies the principle to only make what the next process 

needs, when it needs it (JIT). All the way from supplier to customer, the aim is to create a 

continuous flow that generates the lowest cost, highest quality and shortest lead time (Liker 

2009). Here, the current state is analyzed together with acquired information of  processes 

and underlying strategies. Suggestions are made to improve the value stream after 

identifying the sources of  waste together with a future state map and action plan. 

 5.4.1  Sources of Waste in Value Stream 

By investigating the current state, waste can be detected in the value stream as if  through 

the eyes of  a customer. Although some sources of  waste are logically obvious, evidence of  

association, appropriate timing and lack of  alternative explanations must be investigated to support 

causality. The sources of  waste may be on several levels, but ultimately it is the most basic 

level which is the real source. Even with this logic, the most basic level must still be in the 

scope of  this project, and at a certain point the source is simply an unchangeable given 

condition (E.g. Seasonal weather changes affect customer demand to fluctuate). In roughly 

estimated order with the most basic source level of  this scope first, the sources of  waste 

are concluded to be the following: 

 

1. Forecasts not accurate. Although a mechanism of  collaboration is in place, marketing 

having to redo the forecast from CC based on sales prognosis and not being able to 

provide a highly accurate forecast induces inventory purchasing to rigs which are 

subject to change (muda: rework, overproduction, inventory, mura, muri). The production plan 

changes and the unnecessary amount of  main frames in stock which would last for 63 

days provides both evidence of  association and appropriate timing. Produced rigs 

which currently do not have a decided customer and production capacity sometimes 

being periodically overloaded and periodically underutilized further supports this 

causality. Alternative explanations do exist, and these are investigated as other sources 

of  waste. 
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2. Specialization in departments. Only certain workers have knowledge about the 

electronics assemblies. This fact controls the order of  some subassemblies which 

otherwise could be done simultaneously and decrease lead time. The assemblers also 

have to move between stations. (muda: waiting, motion, underutilization of  people). This was 

observed in production and discussed in interviews. In general, when someone is not 

available it is difficult to find a replacement since most workers are specialized in what 

they do. Currently training is however in progress to help workers learn multiple 

assemblies. The same issue has been mentioned in the Purchasing department. 

3. Handling uncertain MO’s. Currently the factory is having difficulties handling issues 

related to MO’s. Even though an MO has been released from CC, sometimes the 

customer is not completely decided which leads to overproduction of  rigs ending up as 

stand-by products. Sometimes MO’s are withdrawn from CC, resulting in production 

planning changes. There are also cases where the MO’s received are not completely 

correct, leading to double-checking of  information for marketing. (muda: overproduction, 

inventory, rework, mura).  

4. Frequent specification changes. Flexibility demands in production due to rig 

specification changes leads to planning assembly times with time margins and makes 

the workload periodically increase and decrease. Expediting orders sometimes leads to 

periodical underutilization of  assembly processes and workers, or overtime. Although 

workers are at these times assigned with other tasks, they are not directly value-adding 

in a lean perspective (muda: rework, inventory, waiting, underutilization of  people, muri, mura). 

5. Change to abroad suppliers. Considering some problems which have arisen with 

quality issues and warranties, longer lead times and insecure deliveries, even though the 

decision of  changing to LCC have greatly decreased standard costs, it is unsure if  it 

decreased costs overall (Petersson et al 2009). Due to abroad suppliers sometimes 

having low quality standards, errors occur which causes hiccups on the assembly floor 

(This is a fact, but other reasons may also cause errors to occur, such as assembly 

mistakes). It also induces some scrap, more time needed in assembly, higher inventory 

safety levels, rework and component reparation work (muda: overproduction, rework, errors, 

waiting, motion, inventory). Longer lead times and delivery delays causes need to use longer 

forecasts which are uncertain, and purchasing having to plan accordingly, resulting in 

different kinds of  waste; increased inventory costs, rework, transportation of  inventory in 
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outsourced warehouses and overproduction. The availability of  personnel in assembly is 

affected by the increased workload, and the task of  handling suppliers has become 

unnecessarily complicated. 

6. No function to handle warehouse control. Purchasing has to look manually what 

components need to be transferred form outsourced warehouses which takes 

unnecessary time, as BPCS already stores the requirement but has no function to 

automatically order this transport (muda: errors, rework, waiting). Inventory space as well. 

7. Assembly schedule too long and flexible. Scheduling every assembly station on a 

day-to-day basis one month at a time increases lead times, induces chance of  

overproduction, decrease in control and enables order shuffling, which can be 

determined by looking at the production schedule (Gaps in the schedule for capacity 

flexibility) and through the observed processing times. The incentive to quickly react to 

deviations also risk being lowered according to lean theory. Rework with the schedule 

increases the longer it gets (muda: overproduction, waiting, rework, mura). Even if  inventory 

levels on the shop floor are low (between 1-3 sets of  subassemblies) this is still a form 

of  waste (waiting), since no value is added to these. 

8. Cycling faster than takt. Producing more or faster than needed is a type of  

overproduction (not according to takt time). This indicates that there could be 

production problems causing unplanned downtime, and it can also be seen that total 

lead time is greatly different from cycle time. Another reason is also that the capacity is 

not flexible enough for working according to takt (complicated assembly, worker 

absence, specialization in skills, difficult to hire part-timers) and therefore extra time is 

taken into consideration. When cycling faster than takt, the incentive to eliminate 

problems disappears according to lean theory (muda: overproduction, mura).  

 

The waste is to large extent due to external factors hard to influence, such as the sales 

forecast accuracy from CC. However, any improvements which could be made internally at 

the factory to aid employees to better handle the external factors are essential to work 

against the sources of  waste. The actual assembly is relatively effective and highly value-

adding in comparison to the entire value stream, namely 37% in comparison to 6% in total. 

The factory has long takt times in comparison to mass-production oriented companies, 

which makes it more restricted in developing a future state together with the guidelines 
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developed by Rother & Shook (2009) (See chapter 5.4.2). For example, guideline 7: 

“Develop the ability to make “every part every day” (then every shift, then every hour or 

pallet or pitch) in fabrication processes upstream of  the pacemaker process” is not directly 

applicable since the factory then would be overproducing. As the authors themselves 

mention in the end of  the book (p.91), they cannot provide an example of  every type of  

value stream, and the point is to find a lean solution to fit the own business. One can argue 

that not only the waste, but the value-adding time may also be decreased, which would 

increase value stream efficiency even more. It is however not in the scope of  this project to 

aim for process-specific improvements, but only to describe the process improvements 

necessary to achieve the future state value stream. In VSM, process-specific improvements 

are subordinate to the determined future state (Rother & Shook 2009). 

 5.4.2  Answers to Questions 1-7 for Future State 

Rother & Shook (2009) developed a set of  8 questions for guidance, and these should be 

answered step by step while setting the goals of  the future state and marking ideas on the 

current state map (p.50). Markings have been made together with these questions and can 

be found in Appendix E. Questions 1-7 are explained and answered below, resulting in two 

different future state suggestions, where the 8th question about specific process 

improvements necessary is answered for each of  the ideas. Process improvements are 

direct necessities for the future state to work, subordinate to its design. Answering the 8 

questions for the future state is not enough to address the determined sources of  waste, 

and so the rest is concluded in relation to production control, meaning forecasting 

(Marketing dept.) and supply management (Purchasing dept.) in the form of  strategy 

improvement suggestions. 

1. What is the takt time, based on the available working time of  your 

downstream processes that are closest to the customer? 

The takt time is based on data presented in chapter 5.3.1 .  

Takt Time for all rigs =  
𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑊𝑜𝑟𝑘𝑖𝑛𝑔 𝑇𝑖𝑚𝑒

𝐶𝑢𝑠𝑡𝑜𝑚𝑒𝑟 𝐷𝑒𝑚𝑎𝑛𝑑
=

430 𝑚𝑖𝑛

98 𝑟𝑖𝑔𝑠/120 𝑑𝑎𝑦𝑠
= 526 𝑚𝑖𝑛 

 

The factory should work towards cycling assembly stations closer to takt time. If  a long 

period of  time is used to calculate takt, a large change will have less impact on takt time. 



66 

For example: Let us say that one year has approximately 20 days x 12 months working days. 

If  the demand for products would be 200 units, the takt time would be: 

 

12 × 20 × 430 𝑚𝑖𝑛

200 𝑢𝑛𝑖𝑡𝑠
= 516 𝑚𝑖𝑛 

If  that demand would change into 170 units, which is a large change of  30 products, the 

takt time would be: 

12 × 20 × 430 𝑚𝑖𝑛

170 𝑢𝑛𝑖𝑡𝑠
= 607 𝑚𝑖𝑛 

A difference of  91 minutes, approximately 3 minutes change in takt time per rig that was 

removed from the plan. If  the demand one month to another would change from 20 to 17, 

the takt time would change more drastically from 430 to 506 minutes; a difference of  76 

minutes and 25 minutes in takt time per rig. Even though it is important to adapt capacity 

to demand, the takt time should not be updated too frequently, since this interrupts the 

even workload and also confuses production which preferably should be done in an even 

pace (Rother & Shook 2009).  

 

2. Will the factory build to a finished-goods supermarket from which the 

customer pulls, or directly to shipping? 

Rigs will be built to inventory for shipment, since there are too many given circumstances 

today surrounding the process of  delivery scheduling which cannot be changed.  

 
3. Where can you use continuous flow processing? 

The lead times seen in Figure 22 are the average assembly stations’ lead times at the factory.  

The lead times are used to take into consideration the AOP when developing the future 

state. The main line stations have relatively similar lead times, which is positive for 

developing a continuous flow. Although there are risks and difficulties with long and 

complicated assembly processes, the possibility of  a continuous flow still theoretically 

exists. This is likely not possible in the beginning however, and a pull system is a preferable 

start, suggested in future state A (see question 4).  
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If  implementing a continuous flow after gradually improving the value stream, a solution is 

to make a process redesign by combining the main line with the B.Hydraulics subassembly 

and electrics needed for the main line, and redistribute the workload closer to takt, while 

letting the other subassembly stations continue to feed this continuous flow, which is 

suggested in future state B. This way the work would proceed more in order of  assembly 

and component waiting time would decrease. An example for how assembly tasks could be 

redistributed has been made by using measured times for subassemblies, and by taking into 

account assembly order and flow of  material, which can be seen in Appendix F: 

Rearrangement of  Assembly Tasks for F. The two first main line stations combined with 

electricity and hydraulics assembly tasks would take 357 and 335 minutes with this 

suggestion, but it could also be solved by distributing tasks differently. Cycle time 

multiplied by number of  workers gives the total workload of  the main line: 

 

𝑇𝑜𝑡𝑎𝑙 𝐶𝑇 = New Main 1+New Main 2+Main 3+Main 4+electrics = 

357 × 2 + 335 × 2 + 302 + 316 × 2 + 283 + 30 + 60 + 90 = 2781 𝑚𝑖𝑛 

 

If  the AOP could be kept on average over 80% and the workload is distributed amongst 7 

workers, the workload in lead time would be 478 minutes per worker; C/T 397 minutes 

(Figure 23). This way, there will also be 48 minutes per process available for flexibility. 4 

main line stations where there are two workers per station at three of  them and one at the 

end station could work. However, the work tasks need to be separated logically between 

assembly tasks and in reality there will be differences in time, like in the suggestion.  
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Figure 22: Average lead times with cycle time and AOP considered 
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Continuous flow could be implemented through to flushing. Flushing has shorter average 

lead time, but it varies since it is a testing point and the operator has many other tasks as 

well. As long as the operator is able to start when main line 4 is finished and finish within 

takt, a continuous flow is possible to the end of  this process. Including the inspection and 

delivery preparations in the continuous flow is complicated since it is handled by other 

departments and the possibility to start immediately after flushing is low. Delivery 

preparations take half  of  the takt time, and so a pulling system is preferable. Including the 

painting process would also have similar problems, partly since the frame needs cool down 

time which may vary, but also because it is handled by a contractor. The engine/air end 

currently has a longer lead time and is a complicated assembly. A pull system would work 

well with this station. Merging other subassemblies would only increase lead time. To 

implement a continuous flow it would be preferable to start with pull systems, since 

significant changes are necessary and it is not really applicable as a first step. Nevertheless, 

there are possibilities. To increase the continuous flow step by step, process reliability 

(AOP) must be improved first or production might suffer. This refers to decreasing 

component or assembly quality issues which appear on the shop floor, rework and other 

factors causing disruptions in assembly. Of  course all problems can never be eliminated, 

but it is important to strive for effective handling of  problems. 

 

Where process-specific lead time is deemed necessary to be reduced to contribute to the 

flow, VSM of  that single process can be made, as well as spaghetti diagram, PDCA or other 

lean methods, which may be used to eliminate different forms of  waste as well.  

Figure 23: Process lead times. Simplification of  working closer to takt 
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4. Where will you need to use supermarket pull systems to control production of  

upstream processes?  

Achieving a continuous flow may be difficult, especially in the beginning. The number of  

subassembly sets loaded to subsequent processes is relatively low and varies from 1 to 3 at 

the factory. Since this factory produces custom products, it is more desirable with a FIFO-

based flow than using supermarkets. It is basically impossible to use supermarkets since 

there is not enough standardization of  components in different models.  

 

With the long takt times and a large amount of  component variants, the FIFO lanes would 

not work on a one-component basis. Each FIFO-lane would fit sets of  assemblies each 

equivalent to one rig, and as long as it is on stand-by, the supplying station will not produce 

the next one. When the customer process starts taking from the first set of  assemblies, this 

will trigger the supplying process to produce for the next rig(s). One solution is to use 

FIFO for every station in production, including material handling (see future state A). If  a 

continuous flow would be implemented through the main line and flushing, a FIFO system 

can be utilized for the subassembly processes, between flushing and inspection to move 

within takt, as well as inspection and delivery (see future state B).  

 

The large amount of  components for the assemblies requires time for picking. Material 

handling needs a re-organization for the future states to work, where tasks are controlled 

by FIFO. That is, component withdrawal will trigger material handling to refill with parts 

for the next rig that the station will need. The picking process takes less time than the 

assembly so there will not be a risk of  the subassembly waiting in this sense, and it will be 

possible to put picking orders in a pile and do them one after another, prioritizing the order 

in which they are needed. However, if  many subassembly stations are triggered 

simultaneously the material handling department would not have an even workload (get 

overloaded at times and underutilized at others) and the logistics might not work smoothly. 

Therefore, process improvement, careful planning and re-organization are necessary for 

this to work. The lead times for picking must be determined, and then the workload 

divided so that each material handler will have work tasks equivalent to the production time 

frame; e.g. the pitch or takt, and within each time frame it is important that picking is 

completed for all stations and their next assembly. 
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Some subassembly stations today work in batches for different reasons. For example, the 

assemblies are many and complicated in station B and in H it is uneconomical not to work 

in batches with liquid nitrogen cooling preparations, as well as complicated. So the FIFO 

lanes should have a max limit adapted accordingly in the beginning, while aiming at doing 

one batch at a time. This also means space needs to be made available. Doing one batch 

instead of  three will decrease lead time substantially so it is highly recommended to aim for. 

 

5. At what single point in the production chain (the “pacemaker process”) will you 

schedule production? 

The pacemaker process sets the pace for all the upstream processes. This production process 

is what will be controlled and scheduled by the outside customer’s orders on the future 

state map. There must be a continuous flow to shipping from the pacemaker process. It 

should be noted that with more custom made products, this point often need to be further 

upstream. The authors of  Learning to See (Rother & Shook 2009) writes that one should 

resist the temptation to schedule processes via an independent scheduling function, since it 

would still only be an estimate of  what the next process needs and not actual demand.  

 

Since these products are custom made, the scheduling point needs to be further upstream. 

If  the delivery date is set, the main line may be scheduled at station 1, triggering the other 

stations by its withdrawal of  components (presuming one set will exist the first time it 

starts). Production leveling and producing only what the next process needs, when it needs 

it, is fundamental to achieve the benefits of  lean production.  

 

6. How will you level the production mix at the pacemaker process? 

Difficulties are currently experienced with levelling out the production, since there are 

frequent changes occurring to the production plan. Another factor contributing to this is 

that rigs to be produced are determined in their numbers per month, since it is expensive 

for the company and considered wasteful to let finished rigs stand and wait. This means 

that one month perhaps 15 rigs need to be made and the next 20, which is not in line with 

production levelling and working according to takt, where one should work like the turtle 

and not the hare. The current collection of  MO’s to be produced varies extensively and 

sometimes may be very low, which also makes it a difficult task (Petersson et al 2009). 
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The workload must be levelled in time, meaning that product models associated with a 

heavy workload should be spread out over time. The set date of  delivery will counteract the 

production levelling and limit the possibilities, which is why a smaller number of  finished 

products must be accepted. If, for example there are a number of  heavy-load rigs which 

need to be finished the same week, it must be accepted that a few of  them are made earlier 

to level out the work. The takt time is set as an average, but since the workload varies, the 

time allocated for different models could also be separately calculated. It is also possible to 

develop different value streams for different product families, if  there are large differences 

in assembly time and material need. This is however complicated and the goal should be to 

make each model have approximately the same assembly tasks and processing times, to 

help realize heijunka. The shorter the total lead time can be made, the easier it will be to 

handle changes and work with levelling, since there is more time available where changes 

can be made.  

 

Collaboration between different departments is important to achieve a higher level of  

heijunka, where sales must try to level out the models they sell, purchasing must make deals 

with suppliers to ensure a levelled out supply of  material, R&D must develop standardized 

designs of  products which have simple, similar assembly steps and have similar workload 

need. Nevertheless, even if  the possibilities are limited today, this should not stop the effort 

from trying to level out as much as possible. Without production levelling, standardized 

processes cannot be followed, JIT cannot be realized and there will be risks of  periodical 

overloading of  machinery and workers, as well as of  quality problems.  

 

7. What increment of  work will you consistently release and take away at the 

pacemaker process? 

With large, one-month batches of  work released to the shop floor, it is difficult to get a 

sense of  whether or not production is according to takt and there is no pull to real demand 

which the value stream can adapt to. It also induces uneven workload with occasional peaks 

and valleys that may cause overtime and underutilization. Order shuffling is also possible, 

which increases lead time and the need to expedite. It becomes complicated to respond to 

changes, since the schedule is set for a long period. By releasing one month of  work, we 

will only know how we are producing to customer demand once a month. 
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In the case for the main line 526 min(takt time) x 1(amount per finished goods container) 

= every 526 working minutes (8h 46min) a new amount of  work should be released 

according to the pitch increment theory. If  controlling assembly with the pitch, the 

previous one-month schedule could be replaced with an overview schedule which does not 

need to be longer than the lead time (so that assemblers can see when the rig must be 

finished). If  continuing to control assembly with an MRP schedule and not pitch, it should 

still be decreased from one month to the required lead time, to decrease the negative 

effects of  releasing too large amounts of  work. The production schedule of  3 months 

together with the main line overall plan must however still be kept for capacity planning, 

leveling, inventory control, delivery date control, logistics and purchasing of  components. 

Breaks and holidays in production should be scheduled and taken into account, and smaller 

capacity need differences should be adjusted by team leaders or part-time staff  who can fill 

in. If  proceeding to future state B, there will be more resources for this (see chapter 5.4.4). 

 5.4.3  Future state A: One-day Based FIFO System 

Two suggestions for a future state are made based on the answers to these questions, with 

different degree of  change and effort required. The first suggestion would give the smallest 

improvements to lead time and efficiency and it would be a FIFO system based on 

scheduling of  a single station (Main line 1). Assembly start in stations triggers the refilling 

of  material to the next rig by material handlers. The instruction to produce to the next rig 

is given to the supplying process when the withdrawal of  supplied parts by a customer 

process starts, on a FIFO basis. The condition set is that each main line station must take 

the finished rig from previous station and start preferably immediately but no later than 

before 430 minutes (one day) have passed, and with the condition that they have finished 

the previous rig. The FIFO lanes of  the main line are in reality the same place on the floor 

as the station. The dependency will increase between supplying process and customer 

process, helping the development of  continuous improvement and increased reliability, 

while still keeping assembly similar to today. This system could be gradually improved and 

developed into a continuous flow, something which is suggested in Future state B. Figure 

24 is future state map A. This would fulfill all objectives and the purpose. 
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PURCHASING MARKETING

L/D = 66 days 98 rigs in total next 6 months

Batch size = 4 51 rigs with main frame A

PRODUCTION CONTROL

Manufacturing,

SCM, Quality Control

MRP
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Figure 24: Future State A VSM 
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A redesign is suggested for station B. Hydraulics, where it could be divided into two, due to 

its complexity and long required assembly time. One person could be working with 

subassemblies for valve sets (A-B-C) refilling supermarkets, and two people working with 

assembling all components, including pulling those subassemblies and making the final 

valve sets out of  these. B would not produce in batches, but for one rig at a time. Although 

it would not decrease the total lead time, it offers flexibility, decreases the amount of  work 

needed for B. Hydraulics by 30% (by giving it to Sub-B) and could help decreasing the 

batch size to a one-batch flow. The workload should be divided equally amongst the 

assemblers. For Product X standard C/T A-set subassemblies +B+C together are 275 min 

for one person, and C/T for B is 289 per person for two assemblers. Figure 25 is an 

illustration of  the supermarket system. Even without this redesign, a FIFO system could 

be implemented. This is one of  very few opportunities for a supermarket where similar 

components are used and they are all used often. 

 

What process improvements will be necessary for the value stream to flow as 

Future state A design specifies? 

The answers to this question make sure the material and information flows of  the future 

state can be achieved with the necessary process improvements. 

 C. Electrics must be developed to respond directly when a main line station is ready. 

The start of  station C will be triggered when L. Main line 1 starts, then the work 

Sub-B 

1 operator 

L/T = 356 min 

 

B. 

Hydraulics 

2 operators  

1 rig batch 

L/T= 376 min 

Supermarket 

Production 
kanban 

Withdrawal 

kanban 

 

Hyd.compo set 
A,B,C subassy 

Hyd.compo set 
A,B,C assy 

Figure 25: Supermarket system for B.Hydraulics station.  
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progresses based on partly pre-assembling components, partly “Go-see” scheduling for 

assemblies at stations (similar to now). This can be helped by introducing a signal 

which will tell the assembler when it is time (e.g. kanban, display). In time, the tasks 

should be reassigned and directly done in the processes, to remove this dependency 

which may cause waiting time. This will require a redistribution of  work tasks.  

 C will produce one set of  electrical components to B station each day, after three days 

there will be three new components for B to use. (This requires space to keep the 

components and it is motivated to work with one batch at a time.) 

 While small components may be done by C station by two assemblers, station D, J1 and 

J2 should do the smaller electrics assemblies at their stations independently to decrease 

the dependency of  C. Electrics. 

 The H,I,K stations needs to have the standard process redesigned, where the bushings 

are cooled first (every other rig for a batch of  2), then the oil cooler is assembled while 

waiting and thereafter one boom is assembled. 

 The air end and engine needs to have the standard process redesigned since they will be 

starting simultaneously. It is important that the pump is finished when the engine needs 

it, as well as the compressor. See Figure 26. Process improvement is necessary to make 

sure the engine is finished within one day, but it is deemed possible since it was done 

when observing and confirmation has been made with management. 

 

 

 

 

 

 

 

 

 

 

Time (h:mm) 

Figure 26: New process flow for D. Air end and E. Engine. Green cells are Electrics assembly 
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 B. Hydraulics may start with a batch worth 3 rigs in the beginning, but it should be 

adapted to make only one at a time, as it will highly decrease total assembly lead time 

and lead to a more continuous flow. It was done when measuring for this project, so 

evidently it is possible even if  currently not preferable for quality and simplicity reasons. 

 If  using the supermarket suggestion for subassembly B station, this system needs to be 

implemented, the factory layout adapted and tasks reassigned. 

 The L/T of  P.Q. must be made reliable with an AOP increase so that together with the 

electrics harness it finishes in one day. This may seem unlikely from the average C/T, 

but this has been achieved on other occasions, including the measurement that was 

made and it was deemed possible after confirmation with management. 

 The AOP of  Flushing should be increased, so that it finishes within the time frame. 

The non-AOP today consists mostly of  other requests, desk work, rework from quality 

issues and faulty components. 

 Inspection and Delivery preparations are handled separately today. It is of  utmost 

importance that all production processes are closely linked together and not separated 

between departments unless they work closely linked. Therefore, these stations also 

need to be made ready to respond to the flow.  

 The main line from 1-4, plus flushing, inspection and delivery preparation should occur 

in as much of  a continuous flow as possible, where if  one station finishes, the next one 

starts immediately. Preferably, assembly tasks should be rearranged throughout these stations so that 

each station’s lead time will be just below takt. This way, the workload will be more even 

between workers and process waiting time will be reduced (see Future state B).  

 

This value stream is not according to takt, which means that if  there are fewer rigs to be 

produced than days in a month, there will be gaps without production (just like today). If  

there are more, there will be a need to increase capacity. This fluctuation is a negative 

aspect in lean, and working according to takt should be the goal, as it optimizes the needed 

capacity and efficiency, as well as supports production leveling. Nevertheless, this future 

state creates a greater dependency with a continuous flow and should make problems 

surface more quickly and push for improvement. 

 



77 

Improvement Summary 

Implementing this FIFO system would fulfill the goals set in the Introduction chapter of  

increased efficiency and decreased lead time, as well as create a more continuous flow. The 

table below shows the lead times of  the current state and expected outcome. The VAT% 

increase is calculated in relation to the current state processing time, to give a more fair 

number. The actual VAT% can still be seen as efficiency in Table 9. 

 Sub-

assy 

Main Line - 

Del. Prep 

Efficiency 

(VAT%) 

Processing 

Time(VAT) 

Assembly 

L/T 

VAT% 

Increase 

L/T % 

Decrease 

Current State 6 days 8 days 37% 2641 min 16,6 days n/a n/a 

Future State A 

3 batches 

7,8 

days 
6,5 days 40% 2446 min 14,3 days +6% -14% 

Future State A 

1 batch 

3,1 

days 
6,5 days 45% 1846 min 9,6 days +27% -42% 

Table 9: Improvement summary for Future State A. VAT=Value Added Time. L/T=Lead Time 

 5.4.4  Future state B: Combined Continuous Flow and FIFO 
with Main Line Redesign 

The second suggestion involves letting the main line and flushing act in a continuous flow, 

with inspection and delivery preparation controlled through FIFO lanes, where the main 

line workload should be distributed according to takt. The scheduling point would be the 

first main line station scheduled according to takt with production leveling. At the same 

time the new B/C station Electrics/Hydraulics subassembly and painting will start their 

tasks for the next rig. Future state B is presented in Figure 27. All tasks of  main line 1 and 

B are combined. This suggestion is developed to show how it could work by letting the 

assembly of  components progress as the rig is being assembled, rather than pre-producing 

all components before using. This suggestion requires a larger effort, with assembly 

process standard changes, partly new shop floor layout, planning and training. While Future 

state A has FIFO-lanes controlling the flow of  the main line, Future state B relies on a 

continuous flow being developed, which puts larger pressure on lead times being consistent 

and workload being distributed equally throughout the main line as work progresses. 
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PURCHASING MARKETING

L/D = 66 days 98 rigs in total next 6 months

Batch size = 4 51 rigs with main frame A
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SCM, Quality Control

MRP
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time av.= 430min

AIR END

Ø1 CABIN 2
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Figure 27: Future state B VSM 
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The in-process electrics assemblies will be directly assigned the assemblers, which require 

special skills. It also requires work to achieve high AOP. Theoretically it offers a solution 

with the largest positive impact on lead time and efficiency, decreased inventory between 

stations as well as establishes a continuous flow from start to finish with stronger 

dependency between processes. It will also decrease the capacity need, and free assemblers 

which can be assigned team leaders or material handlers for flexible and controlled 

production.  

 

8. What process improvements will be necessary for the value stream to flow as 

your future-state design specifies? 

Future state B requires the same changes as state A, with some substantial differences. 

 Subassembly B and L. Main line 1 (including in-process electrics assembly) will be 

different in this state, with a redesign of  B+L which would be theoretically possible, 

but demands specialized skills. The assembly times for each subassembly and the 

attaching of  these for the Product X observation were used to make an example. Two 

people were working on the rig in L. Main Line 1, and so the related tasks from B. 

Station have also been divided between two operators. The subassembly time for all 

components and other assembly is included. In Appendix F: Rearrangement of  

Assembly Tasks forF this rearrangement can be seen as L0.Main line 0 and L1.Main 

line 1 in the form of  a vertical timeline. This example is suitable with current 

processing times, but to achieve future state B, the workload must be divided between 

all main line stations, as close to takt as possible. See answer to question 3 in chapter 

5.4.2 for details. 

 The assembly of  hydraulic components to P,Q. RHS/Feed will be assigned to the third 

assembler which will not be needed for B anymore. This assembly station (New B/C) 

will also be responsible for the preparatory electrics subassemblies, and the AOP can 

remain similar with consideration to optional parts assembly. It will be triggered by the 

start of  new main line 1. 

 

Considering the improvements possible in state A, some assembly processes still only have 

the daily workload which means they will be underutilized unless assigned other tasks or 
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the workload is redistributed here as well; including stations D, J1, J2, E, P/Q, HIK and T. 

This flexibility in capacity however is likely needed, especially in the beginning with a more 

demanding value stream and varying lead times. The current processing times will 

inevitably lead to process waiting time, which can be acceptable in the beginning but it is 

nevertheless muda.  

 

Improvement Summary 

Implementing this combined system would fulfill the purpose and all objectives set in the 

Introduction chapter of  increased efficiency and decreased lead time. The table below 

shows the lead times of  the current state and expected outcome. The VAT% increase is 

calculated in relation to the current state processing time, to give a more fair number. The 

actual VAT% can still be seen as efficiency in Table 10. The number of  needed direct 

assemblers decreased from 23 to 20 as well, meaning there will be resources for material 

handling, team leading and problem solving.  

 Sub-

assy 

Main Line 

- Del. Prep 

Efficiency 

(VAT%) 

Processing 

Time(VAT) 

Assembly 

L/T 

VAT% 

Increase 

L/T% 

Decrease 

Current State 6 days 8 days 37% 2641 min 16,6 days n/a n/a 

Future State B  1,2 days 7,9 days 70% 2742 min 9,1 days +30% -45% 

Table 10: Future lead time development of  continuous flow in main line 

 5.4.5  Handling Customer Demand 

As the most basic source of  problems at the heart of  this value stream lies the demand 

forecast, which if  accurate has extremely positive effects on the business. The sales 

prognosis from CC is not updated as frequently as changes occur (quarterly updates vs. 

daily changes). Oftentimes they are an overestimation reflecting sales targets. In addition, 

the underestimations from 2013 may suggest that there may be a kind of  game-playing 

going on from salespeople at CC according to theory. The forecast from CC being focused 

on sales targets conflicts with the factory’s need of  accuracy. The marketing department 

works on reaching a high accuracy, but it is a difficult task where updates and changes are 

frequently made and not always given in time. Using theory revolved around accurate and 

efficient forecasting, a few improvement suggestions can be made to help aid marketing in 
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better handling this external factor, which has potential to decrease inventory and give a 

better basis to handle changes. The forecast is solely dependent on each CC previous 

history of  forecast and actually bought number of  products, which significantly limits what 

suggestions can be made. Sales target and forecast needs to be separate functions to achieve 

an efficient and accurate forecast, since their purposes will interfere (Moon et al 1998). 

However, the separation of  these functions lies with CC, and the only suggestion which 

can be made regarding this for future improvement is a continued effort to try and affect 

them to provide accurate and immediate forecast information, but internally this advice is 

difficult to use. Suggestions of  improved supporting functions which can be useful to the 

factory for improving the forecast accuracy and efficiency include: 

 

1. Improved communication between people with forecast information, to be able to 

quickly receive notice of  change. CC’s have relevant information about coming MO’s 

and expectations of  actual sales. For the sake of  the forecast, it is crucial to receive the 

information immediately and that it is correct (Moon et al 1998). If  a simpler medium 

of  communication could be implemented, it could make it easier to send updates 

immediately. A suggestion from marketing is to use the current Quick View database 

system, which is used for the 12 month forecast from CC. Instead of  only getting 3-

month updates regarding sales forecast and sending emails back and forth, customer 

demand could be updated more accurately and efficiently. This platform should be 

adapted to MO information being easy to put in, and any changes should be notified. 

2. Marketing receives new information daily, mostly by e-mail and also phone. Since there 

is a risk someone at the department might miss new information, a suggestion is to 

keep short daily briefings. A brief  meeting during the day of  around 5-10 minutes, 

depending on when during the day new information usually is acquired. During this 

time sudden changes and important information related to the production 

plan/forecast/customer orders can be brought up that are put on the whiteboard. 
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 5.4.6  Handling Supply of Material 

Purchasing classifies parts only according to lead time, and components are ordered 

according to demand. If  the demand forecast would be highly accurate, this means that 

inventory levels could be kept to a minimum with current strategy. Inventory levels would 

also decrease if  lead times were shorter and suppliers more reliable regarding quality and 

on-time delivery. This means that the main improvement possibilities (at the basic sources 

of  waste) lie with forecasting and supplier development. Nevertheless, there are also lower 

level possibilities of  improvement in the purchasing strategy which could aid the process. 

The change to abroad suppliers has complicated the tasks and more standardized methods 

may aid strategic decisions made. More integration and communication is motivated, as 

well as suggestions for how to handle the change to LCC and the increased workload. 

 

1. Use the list of  recommendations by James P. Womack (in chapter 3.2 Why Lean?) or 

self-developed risk calculations to implement a new strategy for investigation of  new 

suppliers, to ensure all potential risks are calculated before changing. Only considering 

the standard cost without risk calculations may influence the decision negatively. 

2. Deepen the item classification to have better grounds for decision-making. While 

ordering according to usage is a lean strategy, there are more factors which need to be 

taken into consideration. Since some suppliers have unreliable quality and delivery 

times, classifying the inventory items only by lead time is not enough in reality (Flores 

1985). The staff  learns as time goes by about the supplier conditions and needs to 

make adjustments to ordering point, item-specific safety levels and forecast numbers 

sent to the suppliers without a standard platform, which is complicated with many 

items and suppliers, time consuming and in some cases may give arbitrary result. This is 

not in line with a waste eliminating lean philosophy and as the company aims at further 

lowering product standard costs in the future, the results may become more arbitrary 

without an implementation of  clear standards continuously updated. This could mean 

classifying parts in sub-categories by multiple criteria to help calculate for example 

safety levels, ordering quantity, ordering points, negotiation of  purchasing prices etc. 

The fact that long lead time does not always mean high cost also suggests current 

purchasing strategy is not item-specific enough to make sure inventory costs are kept 
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low. Useful criteria are brought up in chapter 4.2  (Obsolescence, substitutability, 

reparability, criticality, commonality). 

3. The ordering point of  parts should depend on the actual time it takes from order to 

delivery and not completely on the set value. It would be useful if  the variations in lead 

time were monitored continuously and with this as a reference, the ordering point 

could be adjusted. If  it would appear the delays always vary seasonally, so should the 

ordering point. Otherwise purchasing will not be done JIT. Looking at the deviations 

from last year, it cannot be expected that even if  the agreed lead time for 2014 is set to 

40 days, that it will drop from 68 on average to 40 days immediately and monitoring is 

motivated. The standard deviation used in Appendix C might not be enough with a 

small set of  data, and a qualitative decision should be made by responsible person to 

decide ordering point with this as a reference. Nevertheless, since the average lead time 

was different from the set lead time, and this calculation increased the accuracy, it is still 

a motivated improvement of  strategy. 

4. Resources for the Purchasing dept. should be adapted to the new situation of  business. 

The new barriers with language, communication difficulties, longer and varying lead 

times should be addressed. This could for example mean to hire someone with other 

language skills, have training seminars, developing a better way of  communicating and 

as mentioned above, handling lead times differently from before. It could also mean to 

develop the system to automatically handle the warehouse transfer in BPCS. 

5. Supplier development is already part of  Purchasing’s responsibilities, and this work 

should be continued. If  the Atlas Copco factory in Yokohama can improve their own 

internal value streams and working methods, the opportunity of  teaching the methods 

to suppliers (both internal and external) should not be discarded in a long-term lean 

perspective. The suppliers may be outside of  the factory, but they are an extension of  

the own business in a lean perspective (Liker 2009).  
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 5.5  Achieving the Future State 

Although the value stream map explains much on its own, to achieve the future state an 

action plan is needed. In this chapter, suggestions are made on how to achieve the future 

state, followed by an action plan. The value stream encompasses the entire flow through 

the factory, and so it is most likely not possible to implement everything at once, but in one 

step at a time.  

 5.5.1  The Action Plan 

“If  you explain to everybody involved why it is so important to reach a certain goal, they will take on the 

task with great enthusiasm and by common forces reach the goal, even if  it from the beginning seems 

impossible” 

Ichiro Suzuki, chief  constructor for the first Lexus model (Liker 2009, p.67) 

The quote means that unless everyone is motivated and understands not only what goals are 

set but why, the work will not progress well. Therefore, even if  an action plan is developed, 

the motivation of  employees is more important than having the perfect plan. 

 

A closely linked system will create a substantial change in production, since a dependency 

will be built. The main line needs to get its components in time, so there will be a strong 

incentive to handle problems and deviations effectively and to work with improvements. 

There needs to be a good balance between this pressure of  dependency and actual ability 

of  the assemblers, so that waste in the form of  muri, overutilization, will not surface instead. 

Deciding the order of  implementation is a difficult task, but some correlations exist 

between lean principles. Developing continuous flow with minimum waste eliminates 

overproduction. All work elements must therefore be standardized for a consistent and 

predictable production to takt time. These standard methods must also be kept, which 

means that the process reliability must be high. The next thing needed is a pull which 

controls production, namely the instruction to the pacemaker process which starts the 

production sequence. Finally, production leveling is necessary when there are multiple 

products in the same value stream to achieve a lean flow (Rother & Shook 2009). In some 

aspects, preparatory work must be done before a value stream goal can be reached:  
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PURCHASING MARKETING

L/D = 60 days 98 rigs in total next 6 months

Batch size = 4 51 rigs with main frame A

PRODUCTION CONTROL

Manufacturing,

SCM, Quality Control

MRP

BUSH BOOM 

COOLER 1 cooler CABIN 1

Ø1 2 bush 1 boom Ø1

C/T = 367 min C/T = 280 min

L/T = 477 min

AOP = 70% L/T = 384 min

time av.= 430min AOP = 66%

time av.= 430min

AIR END

Ø1 CABIN 2

C/T = 336 min Ø1

C/T = 265 min

L/T = 450 min

AOP = 62% L/T = 363 min

time av.= 430min AOP = 66%

time av.= 430min

ENGINE

Ø1 within takt

C/T = 500 min

incl. el

L/T = 526

AOP = 95%

time av.= 430min

PAINTING MAIN 1 MAIN 2 MAIN 3 MAIN 4 FLUSHING INSPECTION DELIVERY PREP DELIVERY

Ø2 Ø2 Ø2 Ø2 Ø1 Ø1 Ø1 Ø1

C/T = 300 min within takt C/T = 404 min C/T = 404 min C/T = 404 min C/T = 404 min C/T = 380min(Ø1) within takt C/T = 240 min within takt Delivery available  

Batch = 1 L/T = 485 min L/T = 485 min L/T = 485 min L/T = 485 min L/T = 526 min(Ø1) 0 L/T = 220 min 1-5 times/week

L/T = 430 min AOP = 80% AOP = 80% AOP = 80% AOP = 80% AOP = 62% AOP = 50% AOP = n/a

AOP = n/a incl. el incl. el incl el. incl.el 16 rigs

time av.= 430min time av.= 430min time av.= 430min time av.= 430min time av.= 430min time av.= 430min time av.= 430min time av.= 430min

TAKT (Apr-Sep 2014)

SUBASSEMBLY 0,425 Main Frame A rigs/day

Ø1 FEED & RHS 0,817 rigs /day

C/T = 380 min Ø2 max 1 Lead Time Takt time: 526 min

Batch = 1 C/T = 480 min Cycle Time

L/T = 494 min incl el. Assy L/T (days)=

AOP = 70% L/T = 526min 9,1

time av.= 430min AOP = 90% Production Lead

time av.= 430min Time (days)=

91,7

63 days 526 min within takt 2630 min ≤ 46 min 240 min ≤ 286 min 220 min 19.6 days Processing Time=

1996 min 2522

6,1 days 1,223255814 0,511627907 minutes

Tot. Value added=

6%

Value added time in 

production =

65%

27 Main frame A

4-month forecast Yearly forecast

Monthly forecast update Sends forecasts, 

orders parts

Weekly SRP Meeting, 

forecast & schedule 

updating

Continous update of 

forecast, contact 

with CC

Every 3 months forecast update

Order ~66 days out MO ~2 months out

I
I

on demand: 1-
4 times/ month

4 pcs/ order

Supplier K
Customer 

Center Customer

on demand

2 Daily Meetings  - Daily 
Priorities

FIFO

FIFO FIFO FIFO

FIFO

FIFO

FIFO

Pitch = takt

OXOX

Monthly Production Plan

Production Leveling

1. Pacemaker Loop

2. Subassembly 
Loop

3. Cabin/ RHS 
Loop

3. Cabin/ RHS Loop

4. Supporting Loop

 Before a high degree of  leveling can be achieved, it must be easy to change between 

different products.    

 Before assembly processes can operate at takt time, the process standard methods must 

be good and the reliability (AOP) must be high. 

 Before being able to change the distribution of  work elements, workers must be trained 

in new assembly tasks. 

However, by continuously working with preparations, you might never achieve the goal. 

There must be a balance between preparation and implementation. The suggestion from 

Rother & Shook (2009) is to divide the value stream into loops, and implement one loop 

after another. A good place to start is by the pacemaker process and the continuous flow, 

followed by supporting, upstream loops. The distinguishable loops which can be found in 

the factory’s value stream are illustrated in Figure 28 include: 1. the pacemaker loop, 2. the 

subassembly loop, 3. the cabin/RHS Loop and 4. Supporting Loop (Forecasting & Supply 

strategies). 

 

Based on this, a yearly value stream plan should be developed and implemented. The key to 

making it useful is by implementing the technique throughout the whole business. It is also 

important to make reviews of  the development to see how well it has progressed. In Figure 

29 and Figure 30 a yearly value stream plan for the future states can be seen.  

Figure 28: Loops detected in the value stream 
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Date:

Facility Manager:
Plant Manager SCM Mfg.

Value-Stream Manager:

Reviewer Date

1 2 3 4 5 6 7 8 9 10 11 12
Training for new distribution of 

work tasks

100% of workers finished 

training program

* Introduce updated system with 

team leaders

System in place, training 

finished with 100% of teams

*Material Handlers respond to 

pull

JIT supply of material 80% 

without delay for a month

* System to measure data and 

visualize the progress

Displays in place, data is 

displayed regularly and standard 

exists for monitoring and 

continuous improvement

*Future state A: establish with 

FIFO flow through main line & 

flushing

one station, one day (or takt) 

achieved for a month. 

Standards in place

* Increase AOP in main line average ≥80% for a month

* Electrics assy developed to 

respond directly to stations

No waiting for electrics for a 

month, help system in place

* Flushing station increase AOP
Possible to finish wiithin time 

frame for a month, AOP ≥ 88%

*Make ready Inspection & 

Delivery prep

one station, one day achieved 

(or takt) for a month

* Introduce pace-maker and let 

subassembly be triggered 

No more scheduling 

subassemblies

* Finished goods accepted
X number of finished products 

for safety, pull production

(* Future state B: redesign 

assembly stations, redistribute 

work elements in main line  to 

takt)

(Training finished, new 

standards developed, working in 

takt for a month with set AOP)

2           
Sub-

assembly

* H,I,K change assembly 

standard order

New standard, works within time 

frame (day/ takt) for a month.

* D+E start simultaneously 

change standard order

New standard, works within time 

frame for a month

1          
Pace-

maker 

Review Schedule

Signatures

YEARLY VALUE-STREAM PLAN

Product Family 

Business Objective

V.S 

Loop

Value-Stream 

Objective
Goal (measurable) 2014 Monthly Schedule

Person in 

Chanrge

Related 

Individuals & 

Departments

Improve efficiency and 

lead time for Product X

example

example

 Figure 29: Yearly Value Stream Plan 1#2 
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* Painting responds to pull 

considering cool down time

Standard developed which 

includes exact times and works. 

Standard is followed for a month

* Introduce electrical assembly  

to D (other necessary)

100% of workers finished 

training program

(* Introduce one batch in B-

station)

Standard adapted and working 

with AOP ≥ 70% for a month

(* Introduce supermarket 

system to B.station)

new standard, and layout in 

place, training 100% finished

(* Future state B: redesign 

assembly stations, redistribute 

work elements in B/C  to work 

according to takt)

(Training finished, new 

standards in place)

* Introduce electrical assembly  

to J1,J2

100% training finished, standard 

in place

*P.Q station increase AOP 
P.Q finishes within time frame 

for a month

* Marketing daily briefings
standard developed and 

meetings introduced

* New communication platform 

regarding MO's and forecast 

system in place,100% of 

relevant CC informed,  and 

started using

* Purchasing introduce new 

classification of items

Analysis made, all items 

classified into decided 

categories with accompanying 

strategies. Standard developed 

for continuous update & review.

* Purchasing to monitor actual 

lead times

System in place for monitoring 

with a standard of how to use 

the information

* Start doing risk-oriented 

analysis with new suppliers

New standard in place for 

calculation which will be 

continuously reviewed & 

updated

* Notes in parenthesis () are related to future state B 

3           
Cabin/ 

RHS 

4           
Support

example

 

Figure 30: Yearly Value Stream Plan 2#2 
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It contains the necessary steps but no timeline or responsibilities. This part is left up to 

Atlas Copco SED Yokohama. A template may also be found in Appendix G, followed by a 

review template in Appendix H which may be used periodically as work progresses. These 

models are both withdrawn from Rother & Shook’s work (2009, p.82-85), as suggested by 

the authors. Focus for review should be on what has not been accomplished yet, and the 

manager should provide resources for the value-stream manager to be able to accomplish 

these. Even though there is a plan, the purpose of  making reviews is to also accept that 

there will be some trial-and-error and some failure must be accepted before things can go 

according to plan. An effort to strive for achieving the plan is important, as well as 

developing it with time.  

 5.5.2  Advice on Implementation 

The value-stream improvement is primarily a management responsibility and it cannot be 

delegated. Workers can be asked to do training or eliminate waste, but it is only 

management which is able to see the entire flow and how it depends on different 

departments and external factors. Rother & Shook (2009) concludes after 15 years of  

experience what is needed for a lean value stream: 

 Non-stop efforts to eliminate overproduction, since it helps developing great flow. 

 There must be a strong conviction that lean principles can be adapted to work in your 

business, together with a will to try, fail and learn. 

 Management must achieve a high level of  understanding lean principles before they can 

teach, and when it is taught it should be done not only in a classroom, but in daily 

interaction with staff  members. Lean has to be part of  everyday activities. 

 Get people to follow management lead, without waiting for instructions.  

 Do not think “self-directed work teams”, think close-to-the-operation support. Close-

to-the-operation support means that all indirect operations are considered as 

supporting direct operations and the work of  these (production control, team leading, 

problem response, maintenance, material handling, supervision) must all be tied to the 

takt of  direct operations. Unless the support organization is able to respond to 

problems within takt, it will not be possible to work according to takt. 
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 The organizational focus should eventually be changed from departments to product 

teams, so that responsibility from start to finish of  a product is clear and connected. 

 A value-stream manager should be assigned (very important) to lead the people operating 

processes, not only in manufacturing but in other departments as well. This person also 

takes responsibility for the quality, cost and delivery of  the product, while leading and 

implementing the future state. 

 Implement new performance measures for product teams to reduce lead time, effort, 

defects, needed space and missed deliveries. Measures must provide meaningful 

information for managing a lean operation and must not be counterproductive (Rother 

& Shook 2009). A useful metric might be the OLE, Overall Labor Effectiveness. It 

combines three important process metrics in a lean perspective; availability, 

performance and quality. Availability is the amount of  time workers are able to work 

productively in the process, performance measures actual output compared to expected 

output and quality compares saleable parts to produced parts by the process being 

measured. These percentages are multiplied and produce a single OLE value. 

Monitoring this value for all processes could help in the implementation of  the future 

state (Kronos 2007). 

 

It is mentioned that even Taichi Ohno went through a lot of  trial and error to develop 

production at Toyota. Learning from failure is part of  the process and success will depend 

on those who are determined enough to personally work through the difficulties. Finally, it 

is mentioned that lean value streams must be developed with respect for people, but that 

this respect should not be confused with “respect for old habits”. The improvements 

should not be pushed, but rather “pulled”, just like production. Instead of  simply saying 

”Decrease lead time at station 1” State the conditions under which they will work in; e.g. in 

30 days station 2 will be scheduled to start rig assembly 20 minutes earlier, and the 

improvements will become more urgent and necessary, instead of  just being a forceful 

push lacking a clear purpose. 
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Handling Deviations 

The quality of  the factory’s products is very high within the division, and quality for the 

customer is deemed very important. When there is a problem in production, employees are 

used to letting others know so that the problem may be solved as soon as possible. In cases 

where there are problems however, these are often discovered in the careful quality 

inspections at the end of  production, which does not comply well with the principle of  

quality right from start. It also induces waste, sine quality inspections are not considered 

value-adding, even if  necessary. Efforts should be made to discover any problems early in 

production, since the effect of  problems tend to increase downstream. Quick 

measurements could be one suggestion; implementation of  poka-yoke at sensitive places 

another. Part of  achieving this also lies with the continuous flow. In a continuous flow, 

processes are linked and dependent on each other. Deviations and problems will surface 

more easily since it affects the entire flow (Liker 2009). For the quality to increase, it is 

important to handle all of  these deviations. Since workers are obliged to signal when there 

is a problem (andon) there is a window of  opportunity not only to deal with the problem 

but also the source of  the problem. The 5 why method or PDCA can be implemented as a 

standard to find the root cause. When the source of  the specific problem has been found, 

actions should be taken to make sure it does not happen again. It is important that the 

blame is not put on any single worker, but to put focus on the process. This creates a positive 

working environment where workers actually want to signal when there is a problem.  

 

The Importance of Process Standards 

If  the operators themselves make the standard it will usually be kept simple and concise, 

which is important. If  it is difficult to recognize different steps, a checklist can be used as 

well. Used article number, work sequence and important information regarding safety and quality 

should be included. When the time required for each sequence has been determined, this should 

also be included in the method standard. The developed standard is not meant to be used 

by the operator in production (except potential check-sheets) but for training and for 

reference to standard (Liker 2009). 
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Visual Management 

There are production schedules showing delivery dates, but with assembly processes taking 

approximately one day in total, this is too abstract to be informative. The only aid for 

knowing if  production is according to standard is a clock on the wall showing time of  the 

day. By putting up a display showing “is-value” versus the “should-value”, it would be 

easier to know if  they are behind, in time or ahead of  schedule. With such long lead times 

it is difficult to realise if  assembly will be finished in time or not if  only the number of  

products is used, so the use of  shorter check-points is recommended, which could be 

anywhere between minutes to hours depending on what is appropriate. When someone is 

falling behind, this should affect the display showing is-value vs. should-value. This value 

could for example show the minutes of  assembly performed vs. the minutes necessary, 

number of  finished assemblies or % of  finished rig. The assembly standards should 

preferably be easy to see and understand for the team leader so that they can judge if  the 

team member is working according to standard or not. An example of  a process 

management whiteboard inspired by The Toyota Way (2009, p.192) is shown in Figure 31, 

where workers would put a coloured magnet at every check-point on the board to show if  

they are behind, ahead or on time. This is only an example of  visual management 

communication device which fulfils the purpose of  simple display of  how the work should be 

done and whether or not it deviates from the standardized method. 

 

Time St 1 / Tot assy St 2/ Tot assy St 3/ Tot assy St 4/ Tot assy Should Is

08:00 0 0

09:00 01:00 01:00 01:00 01:00 240 240

10:00 02:00 02:00 02:00 02:00 480 480

11:00 03:00 03:00 02:50 03:00 720 710 00:60 min 2400 min

12:00 04:00 03:50 03:50 04:00 960 940

14:00 05:15 05:00 04:20 05:00 1200 1175

15:00 1440 = AHEAD ≥15 min

16:00 1680 = ON TIME

17:00 1920 = DELAY ≤30 min

08:00 2160 = DELAY >30 min

09:00 2400

14:08                          

17/8 Thursday

check point/ takt

Workers: 4

Current date and time

Figure 31: Example of  visual process management 
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The workers will know how much time they have accomplished by comparing their 

assembly status to standard method. In the example, perhaps the person at station 1 could 

help station 3 since they are behind.  

 

The factory has worked with the 5S for many years, and keeping the assembly floor nice 

and clean is standard for the workers. This system would support visual management for an 

even flow according to takt. Tools are kept near the stations, many on moveable tables and 

shelves. Most parts are also sorted with colors and tables showing for example where each 

hose type for different rig models goes (Figure 32). 

 

Although the sorting and systematic cleaning is highly standardized, the structuring could 

use improvement to make it easier to follow standard and decrease the possibility of  

mistakes, for example by using more silhouette drawings for tools, wrench size signs, 

writing hose number and model directly on the shelf  and pictures of  components. Overall, 

the 5S work very well at the factory and supports the working environment.  

 

Scheduling 

Paced withdrawal of  smaller increments of  work can be done in many ways. A common 

method is to use the load-leveling box, or heijunka box. There is a row for each product and for 

each interval (pitch or takt) it has a column for kanban slots. This way work released to 

production can be kept to a minimum, and it gives a simple overview. Kanban indicates 

quantity, article numbers, and time needed. In the factory’s case, they are comparable to the 

P-BOM. Instead of  days, a digital display could show start time (Rother & Shook 2009). 

The box will be used for the pacemaker process which triggers all processes. 

Figure 32: Shelves for screws, hoses and tools 
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Teamwork 

The use of  teams with team leaders on the production floor contributes to maintaining 

control over production, quick response to problems and team work for cooperation to 

reach common goals. Finding solutions to problems is common at the factory and 

assemblers are creative. For example building their own fixtures and repairing faulty 

components. Another example of  this is how inspection of  layout and safety of  the factory 

are made on routine, where notes are put up if  extra information is deemed necessary.  

It is important that leaders also develop in the future and themselves live by the lean 

principles before workers can be expected to do so as well (Liker 2009). Teams should be 

developed as described in the theory chapter 3.5 about principle 10, where team leaders 

control the flow and team members perform according to standard. 

 

  

Figure 33: Example of  heijunka box from Toyota. (MDC Egypt 2014)  
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 6  Discussion 

The purpose of  this project was to find improvement suggestions for the internal product 

value stream. By choosing a representative product and ensuring the data was valid, a 

believable result was achieved in the form of  a current state map with detailed descriptions 

of  underlying strategies of  forecasting and supply management. The purpose was fulfilled 

by analyzing what points of  improvement existed and concluding two future state ideas 

together with an action plan. Improvement suggestions were all discussed with responsible 

departments and so they are considered applicable, even if  it will require time and effort. 

Factors such as operators being unavailable and optional parts being a large part of  

assembly was also taken into consideration, and data was further confirmed by 

measurement, observation and with staff  regarding lead time. The VSM application led to 

suggestions which could decrease lead time by up to 45% and increase the relative value-

adding time by 30%. Considering results presented from other VSM applications (chapter 

2), these are acceptable results. 

 

 6.1  Reliability & Potential Difficulties 

The thoughts behind this work should be useful for the factory’s other product value 

streams, since they all go through similar processes. However, since the collected data 

focuses on only one rig model, process-specific improvements might not be applicable for 

other models, and lead times for other models need to be taken into consideration before 

implementing the future state ideas. For example, a component that is installed in main line 

station 1 for one model might be installed in main line station 2 for another model, even 

though the products are quite similar.  

 

One issue that will be difficult for the factory regards the production leveling. The products 

are very large at the factory and also have high financial value. Accepting some finished rigs 

may be difficult, and this will limit the possibilities. Nevertheless, today there is no focus on 

leveling and it is likely small improvements can be made gradually. For leveling to be 

realized, the workload must be further investigated for other rig models, to separate heavy-

workload machines from those that take less time. This is already monitored in the factory 

and the data is available.  
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The material handling lead times was not measured in this project due to limitations in 

scope. This does not make the future state impossible, but the downside is that it demands 

changes that are not investigated carefully. This specific part of  the improvement plan must 

be investigated by the company, as well as detailed levels of  the value stream. Although this 

project report does not include 100% of  all details necessary for implementation, the 

overall suggestions have been deemed useful when discussing with responsible persons, the 

purpose and all objectives were fulfilled. 

 

Some researchers agree that although the results from VSM can be beneficial for lean 

transition, it is on a static, general level where numbers are averaged and does not take all 

conditions into consideration. Therefore, the map is said to benefit from being 

complemented, for example by simulation or by trying to answer the questions which the 

VSM cannot before trying to implement it (Esfandyari et al 2011). Although simulation is a 

good way of  confirming the ideas, many circumstances concerning worker availability were 

taken into consideration in this work when setting the average numbers to increase its 

validity. One thing that the VSM method does not take into consideration is worker ability. 

Complicated assembly requires special skills, and it is not easy to rotate work tasks and 

redistribute work elements in reality, even if  it theoretically would work. This will be a 

challenge for the factory. 

 

The measurable goals of  the action plan are slightly arbitrary since it is almost impossible 

to know for how long it would need to run before it is safe to move forward. Mistakes and 

problems are arbitrary. However, a number was chosen for all steps to ensure there exists a 

measurable goal as a reference, and it is up to the responsible people to form the final plan. 

With a number existing, it increases the chance that a measurable goal will be set later on 

which is important. 

If  the same project was done again with the same purpose, it is likely the current state 

would be very similar, but the conclusion could vary. VSM is a method that involves 

creativity, and as long as things are improved and the guidelines are followed, the result can 

be reliable but different if  different people are responsible. It does not make the project 

result unreliable, but difficult to say if  the same result would be achieved again, since many 

lean solutions exist. 
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The applicability of  the project result to other work is probably low. A VSM is customized 

to suit a specific business and cannot be applied to others (Rother & Shook 2009). 

However, the method was adapted to a make-to-order manufacturer which could be useful 

for similar applications in the future, both for Atlas Copco companies and others. The fact 

that the company has a very long takt time and complicated assembly is also interesting, 

since the original VSM is more adapted to mass producing businesses. 

 

 6.2  Long Term Possibilities 

In a long-term perspective there are possibilities of  redesign of  products and 

manufacturing processes which could enable the company to work closer to lean principles, 

focusing on long-term effects. The paragraphs below describes the current methods of  

operations which if  changed have potential to decrease lead time, increase possibilities to 

eliminate waste and ultimately drive the competitiveness and productivity of  the factory. 

 

Having every rig unique offering customers special options on rigs makes for varying 

assembly times, complicates production scheduling, purchasing of  parts and assembly 

methods, increases number of  components necessary which increases inventory costs, 

diminishes possibilities of  implementing pull systems and continuous flow. It pushes for a 

make-to-order production of  custom products where it is difficult to standardize processes. 

Having more standardization in products would also decrease the impact of  rig 

specification changes, since more rig models could use the same components. These facts 

need to be considered together with varying customer needs and regional regulations. By 

working with product modules alongside standardization of  components in product design, 

the lead time has potential of  great reductions. If  subassemblies then were to be produced 

to supermarkets, the production could be controlled by pull. 

Standardization is important from a lean perspective not only in production, but also for 

methods used in for example purchasing, forecasting, product development and audit 

processes. Much in current operational methods is based on experience and in many 

aspects this gives positive results. This experience should however be documented as 

standard for the future and for the sake of  continuous improvement, the standard methods 

should always be questioned by its users.  
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The method of  VSM can be applied to almost any processes in an organization, and this is 

highly recommended for the future. There are of  course other methods as well, but the 

principle is the same. To become a lean organization, continuous improvement must be 

made in every aspect of  an organization. The factory today has a very strong improvement 

culture, and the possibilities of  change definitely exist. 
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Appendix A: VSM Symbols  

Below are the VSM icons from the book Learning to See by Rother & Shook (2009) which 

were used in this project. 
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Appendix B: Atlas Copco SED Yokohama Data Set 

The data set for the current state is summarized in this appendix. The factory produces 

surface and exploration drilling equipment, meaning large and powerful drilling machines. 

Currently there are 17 different standard models, where each rig is manufactured to order 

and may be unique due to selectable options. It currently takes approximately 2 months (1-

3) from customer order until shipping. The production schedule goes through multiple 

changes as time goes by due to changes in forecast and customer specifications on rigs, so 

orders may be both expedited and backlogged.  

 

The Product 

The Main Frame of  Product X (Main frame A) without selectable options was chosen for 

this VSM, as it goes through most production processes. The main application areas of  this 

rig include blast hole drilling in construction, aggregate and limestone quarries. The 

complete machine itself  weighs approximately 12 tons. Each rig consists of  approximately 

2000 components and is a complicated assembly. 

 

Customer Requirements 

Customer demand varies over the year and therefore also the takt. The takt time over a 6 

month period from April to September in 2014 according to the March forecast was: 

All rig types:   0,82 rigs/day 

Main Frame A rigs:  0,43 rigs/day 

Product X:  0,31 rigs/day 

There is only room for one rig per truck that transfers it to the shipping dock, but the 

number of  rigs per order vary between customer order every time. Deliveries are scheduled 

with the production plan and not made periodically, but with the correct timing of  when 

the customer needs it, when there is a ship available and CC is able to receive. 

 

Work Time 

There are approximately 20 working days in a month. The factory works in one shift which 

is 430 minutes long when breaks are excluded, with overtime when occasionally needed.  

 



105 

Production Control 

The CC sends yearly forecasts updated quarterly to the marketing department which then 

continuously update these through internal weekly SRP (Sales- and Requirement Planning) 

meetings and monthly SRP with regional and divisional management. The customer places 

the order at the local CC (Customer Center), which sends the MO (Manufacturing Order) 

to the factory. The factory cannot produce without an MO. Customer orders are received 

continuously and entered into the MRP (Material Requirements Planning) system when 

scanned and approved. Each rig has an MO, with customer specifications. A one month 

schedule is kept for the assembly floor, while a 3-month production schedule is updated 

together with a delivery schedule and a yearly forecast is kept to support capacity planning 

and purchasing. Daily meetings are kept twice, once in the morning and once after lunch 

with updates of  the production status. The assemblers work in teams which each have their 

goals and responsibilities. Customer order changes are frequent, since there are many 

different rig types with special options. For consignment MO’s, the changes are possible 

close to production if  the change is of  the same model type.  

 

Production Processes 

The Main Frame A is first painted and dried. It is then moved to the first station in the 

main line and assembly starts. Multiple subassemblies are done beforehand on schedule 

which then can be withdrawn by the assemblers of  the main line where the product is put 

together on the main frame. There are no changeover times necessary, only preparation and 

other time which is included in the lead times. The lead time from Supplier K is set to 60 

days but deviations from this occur frequently. After the main line the product is tested by 

flushing, then inspected for quality assurance and the last delivery preparations are made. 

Thereafter the product is put on stand-by on factory grounds until shipment. The 

electronics assembly operators have both subassemblies made prior to the main line 

assembly and assemblies which are made at the spot in different stations. 
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9 This includes reported time for all standard assemblies including those in other stations. 

10 Same assembler at bushing, boom and cooler. The bushing is prepared in batches but not the boom. 

11 Station P and Q usually run simultaneously. Times for Q are used since these are the longest. 

Table 11: Final C/T=cycle times. AOP = Availability of  Personnel. L/T=Lead time based on C/T, AOP 

and observation (Appendix H). Electrics assy in stations, +sign=extra time needed. 

Process Name 

Standard 

deviation 

(min) 

No. of 

assem-

blers 

Batch 
Average 

C/T(min) 
AOP 

Average 

L/T (min) 

Electrics 

Assy 

(min) 

C. Electrics
9
 41,7 2 1 (494) 59% 219 160 

J. Cabin 1 & 2 95,0 2 1 564 66% 378 30 & 15 

B. Subassembly 

hydraulics 

27,1 3 3 867 70% 376 0 

D. Air end 57,88 1 1 327 62% 450 +15 

H,I. Bush, boom
10

 119,75 1 2,1 311 70% 404 0 

E. Engine 24,2 1 1 474 81% 563 +50 

L. 1st Main Line 59,7 2 1 649 79% 393 30 

P, Q. RHS Feed
11

 73,4 2 1,1 903 77% 555 +40 

K. Oil cooler 17,0 1 1 56 70% 73 0 

M. 2nd Main Line 60,3 1 1 302 65% 408 90 

N.3rd Main Line 78,3 2 1 632 83% 370 60 

O. 4th Main Line 37,1 1 1 283 72% 362 0 

R. Flushing 30,4 2 1 380 54% 277 0 
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Appendix C: Data for Supplier K Lead Time 

 

Column Formula Meaning 

Standard Deviation =STDEV.P(O2:O31) Standard Deviation of all deviations from lead time 

Deviations 
Removed 

=IF(SQRT(O2^2)>=Q2,  
0, O2) 

If √(actual deviation^2) ≥ st.dev. Then set to 0. If it is 
smaller leave as it is. 

Real Lead Times 
=IF(AND(SQRT(O2^2)<Q2, 
O2<>0), K2-O2, IF(O2=0, 
N2+K2, 0)) 

If √(actual deviation^2) < st.dev. and Delivery deviation 
from lead time is ≠ zero, then set real lead time as 
(Agreed lead time - delivery deviation from lead time). If 
the delivery deviation from lead time =zero, set real 
lead time as (Order Deviation from Lead Time+Agreed 
lead time). If the actual deviation is ≥ the st.dev then 
set to 0. 

Average Lead Time =AVERAGEIF(S2:S31, ">0") Calculate the average but ignore all the zeros 

Data Jan-June = IF(P2<=6, S2, 0) Only show value if the month ≤ 6, meaning jan-june 

Average Lead Time 
Jan-June 

=AVERAGEIF(U2:U31, ">0") 
Calculate the average of Jan-June data but ignore all 
the zeros 

Data July-Dec = IF(P2>6, S2, 0) Only show value if the month > 6, meaning july-dec 

Average Lead Time 
July-Dec 

=AVERAGEIF(W2:W31, 
">0") 

=Calculate average of July-Dec data but ignore all the 
zeros 

Table 12: Excel algorithm for standard deviation and average supplier K lead time 

L M N O P Q R S T U V W X

Del. deviation
from request
date (days)

Days
from
order
(days)

Order
Deviation
from Lead
Time (days)

Delivery
deviation
from lead
time(days)

Month
no

Standard
Deviation

(days)

 
Deviations
Removed

Real
Lead

Times
(days)

Average
Lead Time

(days)

Data
Jan-June

(days)

Average
Lead Time
Jan-June

(days)

Data
July-Dec

(days)

Average
Lead Time
July-Dec

(days)
-8 55 -5 -3 1 18.185586 -3 63 66 63 64 0 68
-20 55 -5 -15 2 18.185586 -15 75 66 75 64 0 68
0 75 15 0 2 18.185586 0 75 66 75 64 0 68
24 49 -11 35 2 18.1855865 0 0 66 0 64 0 68
-13 49 -11 -2 3 18.185586 -2 62 66 62 64 0 68
1 37 -23 24 3 18.185586 0 0 66 0 64 0 68
7 37 -23 30 3 18.185586 0 0 66 0 64 0 68
-3 40 -20 17 4 18.185586 17 43 66 43 64 0 68
7 55 -5 12 4 18.185586 12 48 66 48 64 0 68
-4 68 8 -12 5 18.185586 -12 72 66 72 64 0 68
-2 82 22 -24 5 18.185586 0 0 66 0 64 0 68
-5 56 -4 -1 6 18.185586 -1 61 66 61 64 0 68
0 65 5 0 6 18.185586 0 65 66 65 64 0 68
3 79 19 0 6 18.185586 0 79 66 79 64 0 68
-4 61 1 -5 7 18.185586 -5 65 66 0 64 65 68
0 71 11 0 7 18.185586 0 71 66 0 64 71 68
7 56 -4 11 7 18.185586 11 49 66 0 64 49 68

-11 70 10 -21 8 18.185586 0 0 66 0 64 0 68
-9 61 1 -10 9 18.185586 -10 70 66 0 64 70 68
-9 68 8 -17 9 18.185586 -17 77 66 0 64 77 68
-4 61 1 -5 9 18.185586 -5 65 66 0 64 65 68
-14 65 5 -19 9 18.185586 0 0 66 0 64 0 68
-13 72 12 -25 10 18.185586 0 0 66 0 64 0 68
-23 55 -5 -18 10 18.185586 -18 78 66 0 64 78 68
-17 62 2 -19 10 18.185586 0 0 66 0 64 0 68
-16 69 9 -25 10 18.185586 0 0 66 0 64 0 68
-22 77 17 -39 11 18.185586 0 0 66 0 64 0 68
-28 51 -9 -19 11 18.185586 0 0 66 0 64 0 68
-22 62 2 -24 12 18.185586 0 0 66 0 64 0 68
-28 72 12 -40 12 18.185586 0 0 66 0 64 0 68

K
Agreed
Lead
Time
(days)

60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60

Confidential    
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Appendix D: Assembly Process Descriptions 

Here, the assembly processes are shortly described. 

C. Electrics 

The electrics assembly consists of  the subassembly of  components related to electrical 

harnesses/ wiring, and also the assembly of  these onto the rig in different steps of  the 

assembly. There is electrical assembly at Main line stations 1,2 and 3, as well as at the D. Air 

end station, E. Engine, B. Hydraulics, Q. RHS and J. Cabin 1&2. The availability of  the 

electrical assemblers is therefore crucial for other processes to proceed without halt.  

 

J. Cabin 1 & 2 

This is where the final assembly of  the cabin is made. Part of  the assembly is made at a 

supplier so the cabin is partly assembled when it arrives (Figure 35).  

 

 

 

B. Hydraulics subassembly 

This is the where all the hydraulic subassemblies are made, including different types of  

valves, fuel tank, etc. This subassembly station has the highest number of  components to 

assemble. 

 

Figure 35: Photo of  J.Cabin 1 & 2 
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H,I,K. Bushing, Boom and Oil cooler 

The boom is assembled here together with the necessary bushings which first are cooled in 

nitrogen and then inserted in the boom to expand. The oil cooler which is a shorter 

preparation assembly is also done at this station (Figure 34). 

 
 
D. Air End 

This is where the pump and compressor for the power unit (engine) is made, as well as the 

separator tank.  

 
E. Engine 

This is where the power unit is assembled together with the air end.  

 

P/Q. RHS, Feed system 

This is where the rod handling system comes together with the feed. It is a very large 

subcomponent attached in the end of  production. 

 

L. Main line 1 

This is where the rig assembly starts by attaching components to the main frame. Hydraulic 

components, line harness from the electrics, engine, separator tank, boom and engine are 

all attached here, as well as hoses and other.  

 

Figure 35: Photo of  B. Hydraulics assembly 

Figure 34: Photo of  H,I. Bushing and Boom  
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M. Main line 2 

More hoses are attached at this station as well as the cabin and electrical harnesses and 

other parts. 

 

N. Main line 3 

This is where the oil cooler and dust collector is assembled, as well as some relay boxes 

from electrics. 

 

O. Main line 4 

The final hoses are inserted and the last assembly steps are done. The large drilling unit 

(RHS/Feed) is also assembled here and the engine is tested for the first time. 

 

R. Flushing 

This station is located in the room next to the main line floor, as it is loud and demands 

safety space. The hydraulics system is tested by pumping liquid through the different hose 

systems and testing the movement of  the rig. 

 

R. Inspection 

The quality inspection is performed by QC (Quality Control) and it includes both the 

physical inspection as well as some paperwork.  

 

R. Delivery Preparation 

This involves for example putting decals on the rig and doing the final touches before it 

can be delivered. It is performed by SCM (Supply Chain Management). 
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PURCHASING MARKETING

L/D = 60 days 98 rigs in total next 6 months

Batch size = 4 51 rigs with main frame A

PRODUCTION CONTROL

Manufacturing,

SCM, Quality Control

MRP

CABIN 1 CABIN 2

Ø1 Ø1

C/T = 280 min C/T = 265 min

el assy = +30 min el assy = +15 min

L/T = 384 min L/T = 363 min

AOP = 66% AOP = 66%

time av.= 430min time av.= 430min

BUSHING & BOOM OIL COOLER

Ø1 Ø1

C/T = 311 min C/T = 56 min

L/T = 404 min L/T = 73 min

AOP = 70% time av. 430 min AOP = 70%

1 set

EL. PREP AIR END ENGINE time av.= 430min

Ø2 Ø1 Ø1

C/T = 160 min C/T = 326 min C/T = 450

L/T = 226 min el assy = +15 min el assy = +50 min

AOP = 59% L/T = 450 min L/T = 535 1 set

AOP = 62% AOP = 81%

time av.= 430min time av.= 430min time av.= 430min

PAINTING MAIN 1 MAIN 2 MAIN 3 MAIN 4 FLUSHING INSPECTION DELIVERY PREP DELIVERY

Ø2 Ø2 Ø1-2 Ø2 Ø1 AOP = 54% Ø1 Ø1

C/T = 295/ 500 min C/T = 325 min C/T = 302 min(Ø1) C/T = 316 min C/T = 283 min C/T = 380min(Ø1) Delivery available  

Batch = 1-2 el assy = +30 min el assy = +90 min el assy = +60 min L/T = 362 min L/T = 555 min(Ø1) L/T = 240 min L/T = 220 min 1-5 times/week

L/T = 310 L/T = 393 min L/T = 408 min (Ø1) L/T = 370 min AOP = 72% AOP = 54% AOP = n/a AOP = n/a

AOP = n/a AOP = 79% AOP = 65% AOP = 83% 1 rig 16 rigs

time av.= 430min time av.= 430min time av.= 430min time av.= 430min time av.= 430min time av.= 430min time av.= 430min time av.= 430min

TAKT (Apr-Sep 2014)

0,425 Main Frame A rigs/day

0,817 rigs /day

C/T = 300 min C/T = 452 min Takt time: 526 min

Batch = 3 el assy = +40 min Actual Time

L/T = 390 x 3 = 1170 min L/T = 555min Lead Time Assy L/T (days)=

AOP = 70% AOP = 77% 16,6

time av.= 430min time av.= 430min Production Lead

Time (days)=

99,2

Processing Time=

63 days  6 days = 2580 min 2.4 days 1 day 1 day 1 day 1 day 1 day 1 day 1.2 days   1day  19.6 days 2641

295+900=1195 min 393 min 408 min 370 min 362 min 430 min 240 min 220 min minutes

Tot. Value added=

6%

Value added time in 

37%

Direct assemblers=

23

4-month forecast Yearly forecast

Monthly forecast update Sends forecasts, orders 

parts
Weekly SRP Meeting, forecast & 

schedule updating

Continous update of 

forecast, contact with CC

Every 3 months forecast update

Order ~60 days out MO ~2 months out

SUBASSEMBLY FEED & RHS

Ø3 Ø2

-

--

27 Main frame A

I

1-2 frames

I
I I

on demand: 1-
4 times/ month

4 pcs/ order

Supplier K
Customer 

Center Customer

on demand

Monthly Schedule

2 Daily Meetings  - Daily Priorities

3-month Production Plan

I

1 set

I

I

2 sets

I

3 sets

I

Improve flow, 
one bach

Increase  
AOP

total work 
≤ time frame

total work 
≤ time frame

Learn electrics
small assy

diminish 
dependency

Improve
strategy

communication 
platform, daily 

briefings

Level out lead times  
in Main Line 

Assembly
order

Process 
Redesign?

Appendix E: Current State with Kaizen Bursts – What to Improve? 

 

Figure 36: Current state with improvement points 
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Time L0. Main Line person 1 C/T L/T L0. Main Line person 2 C/T L/T

0:30:00 Component 1 0:25:00 0:32:30 component 2 0:25:00 0:32:30

attach component 1 0:10:00 0:12:00 component 3 0:35:00 0:45:30

other assy 0:05:00 0:06:00 component 4 0:10:00 0:13:00

1:30:00 attach component 2 0:30:00 0:36:00

component 5 0:40:00 0:52:00 attach comp 3+comp 4 0:10:00 0:12:00

2:35:00 attach component 5 0:05:00 0:06:00 component 6 0:40:00 0:52:00

attach component 6 0:15:00 0:18:00 attach component 6 0:15:00 0:18:00

component 7 0:20:00 0:24:00 component 7 0:20:00 0:24:00

4:17:00 other assy 0:50:00 1:00:00 other assy 0:50:00 1:00:00

comp 8-10 1:12:30 1:34:15 comp 8-10 1:12:30 1:34:15

6:15:00 attach comp 8 0:20:00 0:24:00 attach comp 8 0:20:00 0:24:00

component 11 0:35:00 0:45:30 component 11 0:35:00 0:45:30

7:33:00 component 12 0:25:00 0:32:30 component 12 0:25:00 0:32:30

TAKT: 8:46:00

Time L1. Main Line person 1 C/T L/T L1. Main Line person 2 C/T L/T

attach component 11 0:15:00 0:18:00 attach component 11 0:15:00 0:18:00

attach component 13 0:15:00 0:18:00 attach component 13 0:15:00 0:18:00

other assy 0:25:00 0:30:00 other assy 0:25:00 0:30:00

1:24:00 attach component 14 0:15:00 0:18:00 attach component 14 0:15:00 0:18:00

component 15 1:14:45 1:14:45 component 15 1:14:45 1:14:45

attach component 15 0:10:00 0:12:00 attach component 15 0:10:00 0:12:00

component 16 1:37:30 1:37:30 component 16 1:37:30 1:37:30

attach component 16 0:10:00 0:12:00 attach component 16 0:10:00 0:12:00

attach component 17 0:20:00 0:24:00 attach component 17 0:20:00 0:24:00

other assy 0:20:00 0:24:00 other assy 0:20:00 0:24:00

attach component 12 0:10:00 0:12:00 attach component 12 0:10:00 0:12:00

6:16:00 other assy 0:30:00 0:36:00 other assy 0:30:00 0:36:00

TAKT: 8:46:00

Time B0. Feed prep & Engine C/T L/T

electrics prep 2:40:00 3:28:00

hyd comp 1 0:45:00 0:58:30

hyd comp 2 0:20:00 0:26:00

hyd comp 3 0:25:00 0:32:30

hyd comp 4 0:40:00 0:52:00

5:50:00 hyd comp 5 0:35:00 0:45:30

TAKT: 8:46:00

Appendix F: Rearrangement of Assembly Tasks for 

Continuous Flow  

This is a vertical timeline of  how the assembly processes could be rearranged according to 

order of  assembly for two new main line stations and a redesign of  B, where hydraulics 

assembly tasks are combined with electrics preparations. The names of  the actual 

Table 133: Vertical timeline example of  rearrangement of  tasks. May be done differently. 
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assemblies have been renamed to “component x” for confidential reasons, but the average 

times and order of  assembly are derived from real assembly tasks. Note that some 

components come from other subassembly stations and are only attached here. In this 

manner, components can be assembled and thereafter attached more directly, to decrease 

waiting time of  components. The lead times are calculated through the AOP for B station 

and for the Main Line 1 tasks. The number of  people necessary for each assembly has been 

taken into consideration. 
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Date:

Facility Manager:
Plant Manager

Value-Stream Manager:

Reviewer Date

1 2 3 4 5 6 7 8 9 10 11 12

Review SchedulePerson in 

Chanrge

Related 

Individuals & 

Departments

Product Family 

Business Objective

V.S 

Loop

Value-Stream 

Objective
Goal (measurable) 2014 Monthly Schedule

Signatures

YEARLY VALUE -STREAM PLAN

Appendix G: Yearly Value-stream Plan Template 

Table 14: Template of  yearly value stream plan (Rother & Shook 2009) 
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Appendix H: Value-stream Review Template 

 Date:

Facility Manager: VALUE -STREAM REVIEW
Plant Manager

Value-Stream Manager:

Plant-Level 

Objective

V.S 

Loop

Objective and 

Measurable Goal

Progress 

Conditions
Evaluation Remaining Problems

Product Family:

Points and Ideas for Coming Year's 

Objectives

Signatures

=Limited Success=Success =Unsuccessful 

Table 15: Template of  value stream review (Rother & Shook 2009) 


